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PREFACE 

The neetl of a general yet compact treatise on liydraiilic engineer- 
ing has lori^ tn-en recognized hy students and engineers. In the 
writer's en<leavor to supply sueh a volume he now submits after 
presenting a l)rief technical sketch of the development of hydraulic 
engineering from tlio eitrlicst times, a systematic and progressive 
statement of the mtiThanie-j (jf water and fluids in general, including 
hydrostatic^! or the equihbrinm of fluids, hydnKlynaniies whidi treats^ 
of tJie laws of liquids in motion, and hydraulics in which the motion 
of water in pipes and cimals is considered. It lias becu the writer's 
constant purptise to make every iletail perfectly clear and to .supply 
the ntnr^essar)' fornmlas in their simplest expression^ whi(*h arc^ further 
explained l)y figured examples, that the i^eader seeking information 
may have his search fully rcwardetl. A farmer, for example, wishing 
to improve liis property hy installing suitabk* raaehiner}^ ft;r domestic 
water-sui>ply, for fire protection, or the selectif»n and installation of 
a water-wheel for operating labor-saving machines* will find sufficient 
infonnation to enable him to proceed intelligently. The nieehanic 
will be infonncd as to the <'onstruction and operation of hydraulic 
machines; the mechanics of water and of fluids in general will be 
sufficiently €*overed for his n<*e<ls; th<' general design as well as the 
mmor details of accumulators, pumps, presses, and machine tools 
are clearly illustratwl and described* 

The student desiring an easily com pivh ended statement of the 
mathematical thei>ry of the motion of fluids proceeding to the con- 
sideration of the motion of water in pi[K*s and canals^ and finally to 
the practical applicatitm of fluid pressures in cond>ination with suit- 
able trains of mechanism adapted to any given [>roblem, will doubtless 
find this l>ook useful as a prehminar\' guide to a complete tinderstand- 
ing of all the practical questions involved, 

To the engineer this book will l>e a ready reference in the con- 
struction of dams and storage reservoirs for irrigation, city and 
domestic wafeT-supj>lv, t\r,fqr ilriving water-wheels for manufacturing 
purposes. lflustrati*f'\s af^,giv(»;i 'slio^fng the construction of the 
simpler form of log and timljcr dams, loilowed by illustrated descrifj- 
tions of the more peni;ancrrt<oneiJ^of masonry and concrete. The 
illustrations are accompanicii by tlie formulas for stabihty, conipletely 
worked out. Th<* pn^hrsMfjary-'yata ifeccssary to the l(jcati(ni and 
construction of water-woilcs' tot tuvm and city supply are outlincft, 
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such as the sources of supply* size of reservoirs, settling basin.s, anci 
filtrfilion systems, and the eon sumption of water by families in citi<?s. 
TIk^ flow of water in pipes for \valer-i;upply, the friclion and slope 
elements of canals, ditchas, and pipe-lines, for irrigation supply and 

its distribution, of gi-owing importanc-e to agricultural industry, hi 
prt^sented in form for engineers antl vvill be easily understood by the 
general reader. 

The essential features of Artesian wells and the geology of the 
Artesian aretis of tlie l^niteil States rm* fully iliscussed and illustratech 
So al^t* the work of the United States lleclHination Serviti* in the 
irrigatjou of the arid districts of the Western States lias been described 
and illustrated. 

The air-lift method of raising water has been given an entire chapter 
for its complete presentation; especial promineuce being given ttie 
Pohle Air-l.ift, which k fully rleseribed, including shigh^ and midti- 
slage applk-aliotLs with illustrations showing the arrangement of 
air- and water-pipes; rules for calculating the volume of air required 
for raising water arc also given- 

The various water-wheels for the utilization of water*power are 
illustrated and de*scribcd» with rules for calculating the horse-power 
for given etinili lions. Impact water-wheels, now extensively used in 
the far Wt^t, are illustrated together with a description of the methods 
em|>loycd for determining the power of a jet, and formulas fur 
determining it."^ dynatnic force, A table giving the power of small 
motors is atliled. Turbine water-wheels are described and illustra- 
tions of high-powertHl wheels at Niagara Falls. 

Centrifugab Rotary, and Screw pumps are sufficiently explained 
th a t the gen e ra I reader m ay eas i ly u n tl erstan d t h ei r opera t i on , an d fo r- 
mid as are given for measuring tlie work which may be expected of 
Centrifugal pujTi[>s, Uecjpnx^ating pumps, of which several varieties 
are illustrated, arc accompanied by fonnuhus for horse- power required 
for raising a given quantity of water to any given height; so also the 
relative areas for steam- and water*cylindcrs, concluding with a sec- 
tional elevation of the Allis Pumping Engine and a spiopsis of duty 
trial of the St, Ixiuis Triple Expausion Pumping Engine, which yielded 
the remarkable duty of more than IBl million fi>(it-pounds, 

A number of tables, some thirty-six in all, will be found useful for 
reference, including, as they do: the properties of water, crK»ffieient.^ 
for hydraulic grades, discharge ^of wattT irtmv orifices and noKles, 
pressure lost by friction TfirSt'nijKse, \^JorilyrtJifichai]ge and horse- 
power f>f nozles, flow of \^at^r*oVer \veij^^ Ip^ of head by friction of 
water in pipes, etc. ' *;; ^I'^J :'*! 

'•* *•" '\ Q^MDNE^n D. Hiscox, 

April. lOOa V/:'; *V v.;>- : 
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CHAPTER I 



HIBTOHICAL^ — INTHODUCTION 



Hydraulics, its theory' and practicej like other of the arts and 
tbeix science, has an interesting history, bearing upon the develop- 
ment of civilization and itn culmination at ditferent periods in the 
progress of the hnmaa race from its earliest stages. But although 
we deplore the want of exact information relating to details of the 
arts in general at the several periods of ancient civilization, it is prob- 
able tliat few of their crude devices for raising water and for irriga- 
tion have been wholly last* 

The early periods of civilisation seem to have culminated in 

il pomp and show, and the people existed only in the frugal and 
simple life. The only arts that appear to have been progressive to a 
point of perfection were architecture and sculpture; wlule inventive 
progress in mechanics and especially in the methods of water-supply 
seems to have been in al^eyanee for many centuries and only came 
into prominence through arcliitectural and engineering methods for 
supplying the great cities of those times. 

The power that might have been developed from the falls and 
barrages of their streams seems not to have invaded their mental 
capacity, and so their working Implements remained the same simple 
models as those of their ancestors, and are still the same over a large 
portion of our habitable globe. 

The implements of husbandry, modes of irrigation, and devices 
for raising water an* similar to those in use when Ninus and Neb- 
uchadne2;2ar» Sesostris, Solomon, and Cjtus flourished. 

The most ancient implements for conveying water and u.sed 
for a drink ing-cup was of Nature*s origin, antl is still the model of 
beauty in our vases and other art vessels; the gourd was long in use, 
followed by pottery, glass, and metal utensils modelled after its lineSt 
of which the remains of this ancient t}^ are still abundantp 

Of tliis beautiful form of household water service, illustrated in 

Id 
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Fig. li the three at the left are from Thebes in Eg}^t; the fourth^ 
Etruscan ^ the people of Italy; fifths an ancient Chinese model, and 
at the right the pitcher model of the Egj^tians, 

These mmlels prevailed in the common and precJous metals 
tliroughout the Greek and Roman pt*riods and to the pre-sent day. 




Egyptian. 



Etriiscan 



Chingiife. 



Egyptian 



Fig. I. — Ancirnt Water Iiq piemen tn. 



In the earlier ages water was dipped from the brooks and laige 
streams and drawn from welli^j of even great depth by cords and in 
vessels of various forms and carried upon tlie head or in pairs on 
yokes* Many of the wells had circular steps on the inside of tlie 
walls by which the water-carriers descended to the water surface^ 




FiQ. 2. — WaterH3am"er, 



In ancient Alexandria, where the arts were cultivated and science 
flourished to an extent perhaps unequalled in any older city, water 
was drawn up from the cisterns, with which every house was provided > 
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With the simple cord and bucket. This city was supplied with water 
from the Nile; it was admitted into vaulted reservoirs or cisterns, 
which were constructed at the time the foundations of the city were 
laid by Alexander* They were sufficiently capacious to contain water 
for a whole year, bein^ tilled only at the annual inundation of the 
river through a canal made for the purpose. A}>ertures or well 
openings, tli rough which the water \^'as raised from these reservoirs, 
are still to he seen. Whole lines of ancient .streets are traeealile 
by the wells, recurring ex^ry six or seven yards, by which the con- 
tiguous houses, kmg .since criJiiihled away, drew water from the va.^t 
cisterns with wliich the whole city was undermined. The pavement 
of the old city is from ten to thirty feet below the surface of the modem 
istreets, and excavations are frequently made by the Fasha^s work- 
men for the stones of the old pavement and of the buildings. In 
this manner the marble mouths of the vaultetl reservoirs or cisterns 
are frequently brought to light, and they invariably exliibit traces of 
the ropes used for raising the water. 

The agricultural pursuits of man must at a very early period 
have c*onvineed him of the value of water in increasing tlie fruitfulness 
of the soil; he could not but obser\"e the fertilizing effects of rain^ and 
tlie rich vegetation consequent on the periodical inundation of rivers. 
Hence Nature taught man the art of irrigating land, and confirmed 
him in tlie practice of it by the beneBts it invariably produced. 

Babylonia, which was chiefly %vatered by artificial irrigation, was 
tlie most fruitful of all the countries visited by Herodotus. 

Fig, 4 represents tlie practice of irrigation at an early age in Egypt, 
taken from the sculptures at Beni Has,mn. 

Fig. 5 represents the method of water-supply in India from the 
earliest ages. 

The advantages of artificial irrigation have not only been known 
from the earliest ages, but some of the most stupendous works which 
the intellect of man ever called into existence were designed for that 
purpose: works so ancient as to [x^q^lex our chronologists, and so vast 
a^ to incline some historians to class them among natural formations. 
Ancient writers unite in asserting that Lake Mceris was '*lhe work 
of men's hands/* and constructed by a king of that name; its prodig- 
ious extent, however, has led some modem authors to question its 
alleged origin, although artificial works, still extaut, equal it in the 
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amount of labor required, as the Wall of China, the Pyramids, and 
other works of ancient Egypt. Sir William Chambers, when com- 
paring the works of the remote ancients with those of Greece, observes 
that the city of Babylon would have covered all Attica; that a greater 
number of men were employed in building it than there were in- 
habitants of Greece; that more materials were consumed in a single 
Egyptian Pyramid than in all the public structures of Athens; and 
that I^ake Mareotis could have deluged the Peloponnesus, and ruined 
all Greece. But incredible as the accounts of Lakes Moeris and 
Mareotis may appear, these works did not surpass, if they equalled, 
another example of Egyptian engineering, which had previously been 
executed. This was the removal of the Nile itself! In the reign of 




Fig. 4. — ^Irrigation, Egypt 



Fig. 5. — Water-supply, India. ' 



Menes (the first, or one of the first sovereigns) it swept along the 
Libyan chain of mountains, that is, on one side of the valley that 
constitutes Egypt; and in order to render it equally beneficial to both 
sides, a new channel was formed through the centre of the valley, into 
which it was directed : an undertaking which indicates a high d^ree 
of scientific knowledge at that early period. 

Before the lakes and canals of Egypt or China could have been 
undertaken, the inhabitants must have been long under a regular 
government, and one which could command the resources of a settled 
people, and of a people, too, who from experience could appreciate 
the value of such works for the purpose of irrigation, as well as the 
inefficiency of previous devices for the same object; that is, of machines 
for raising the water — for if it be supposed the construction of canals 
to convey, of reservoirs to contain, and of locks and sluices to dis- 
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tribute water, preceded the use of inacliines for mtsing it^ it would 
he admitting that men in ignorant times bad the abili^^ to conceive 
and the skilJ to execute the most extensive and perfect works that 
civil engineering ever produced — to have formed lakes like oceans 
aiid conveyed rivers through deserts ere they well knew how to raise 
water in a bucket or transmit it through a pipe or a gutter. The 
fact ht ages nujst necessarily have elapsed l>eforc such workn could 
have been dreamed of, anil more before they could have been ac- 
Cfimplished. Indiviiluals would naturally have reeour»e to rivers 
in their immediate vicinity, from which (the Nile, for example) they 
must long have tolled in raising water before they would ever think 
uf proeuring it from otlier parts <jf tlic same strtfaui at distances vary- 




Fio. 6, — Haad-irrigallon. The M^ntiiL 



ing from ten to a hundred miles, or consent to labor for its conveyance 
over such extensive spaces. 

How extremely ancient, then, must hydraulic machineiy be in 
Egypt, when such works as we have named were executcKl in timers 
that transpired long before the rf)rtiTnencemc|it of history- — times 
that have been considered as extending back to the infancy of the 
world ! 

However, from the information derived from sculptured monu- 
ments and legends, which fail to fumisli evidence of the engineering 
methods of construction of the greater works for irrigation and water- 
supply in the early ages of those c*>un tries, wc can only imagine that 
their civilisation must have been far more advanced than is shown 
in the legends of histori'. Their pictured work in its primitive 
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Fig. 7. — Oriental irrigation works. 



details is at hand, and we must be content to imagine their methods 

in their greater structures. 

A small trench is dug on the edge of the river, on the borders of 

which two men stand opj)osite each other. They hold in each hand 

a cord, the ends of 
which are attached to 
a basket of palm leaves 
covered with leather. 
After launching it into 
the water, they lean 
backward so as to be 
half seated on small 
mounds of earth raised 
for the purpose, by 
which the weight of the 
body assists in raising 
the load, as it is swung 

toward the gutter or basin formed .on the bank to receive it. The 

movements of the men are regulated by chanting, a custom of great 

antiquity, and adopted in all kinds of manual labor where more 

than one person was engaged. 

The raising of water from deep wells for irrigation, as practised 

in Egypt, Assyria, Babylonia, Persia, and India, is illustrated in 

Fig. 7, and yet in use, was 

a most ingenious device for 

the age in which it originated. 

It consisted of an ox-hide 

bucket and spout drawn by 

oxen with Unes D and E so 

arranged that the spout line 

was stopped at H and the 

bucket raised to automatically 

empty the water into the con- 
veying trough. 

Of machines for raising 

water, the swape has been 

more extensively used in all ages, and by all nations, than any 

other. In Fig. 8 is a sketch of a swape which in Egypt is named 




Fio. ST— Theban swape. 
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the shadoof, from the sculptures at Thebes, as us<»d in the iunt.- of 
Moses, 1550 B.c, a peritxl extending beyond the Exodus. A pole 
is used for connecting the top of the awape by a rope and the bale 
of the bucket for the parpnse of more readily linking the bucket. 

This ancient devki* niriy still be seen operated in its primitive 
form ill the United States, 

On the upper Nile where the l>anks arc liif^li the swapes are stepped 
with intervening tanks, so that irrigation is possible on the higher 
plateaus. 

Of the swa(>e^ it may lie remarked that the most ancient por- 
traiture extant of any liydraulic machine is a sculptured repre^senta- 




Fig. 9. — High-lift swapes on thr Nile. 



lion of it* between three and four thousand years old, and even at 
that remote jieriod it was in all probal)ility a very old affair, and in 
common use. These sculptures, moreover, prove that it has remained 
in Egypt unaltered in its form, dimensions, mode, and material of 
construction and metho<ls of using it during at least thirty-four 
centuries! and this, notwiths tan fling tlu^ political cfmvulsions to which 
that t*uuntry' lias ever been subject since its cxincjuest by Cauibyses; 
its inhabitants having been successively under the Persian^ Grecianj 
Roman, Saracenic, and Turkish yoke, thus literally fulfilling a 
prophecy of Ezekii4 that *' there shall be no longer a prince of the 
laud of Egypt "^ — a descendant of its ancient kings; yet tlirough all 
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these mighty revolutions that have swept over it like the fatal simoom, 
and destroyed every vital principle of its ancient grandeur, this simple 
machine has passed through them all unchanged, and is still applied 
by the inhabitants to the same purposes, and in precisely the same 
way for which it was used by their more enlightened progenitors. 

We have seen it used by the Greeks and Romans, and we find it 
still in the possession of their descendants, wherever they dwell, as 
well as among those of more ancient people, the Hindoos, Arabs, and 
Chinese. And although we may be unable to keep it constantly in 
view in Europe in those ages which immediately followed the fall 
of the Roman power, when the ferocious tyranny of the Saracens 
established a despotism over the mind as well as the body, and by the 
characteristic zeal of Omar entailed ignorance on the future by con- 
suming the very sources of knowledge under the baths of Alexandria; 
yet when in the fifteenth century the human intellect b^an to shake 
off the lethargy which during the long night of the dark ages had 
paralyzed its energies, and printing was introduced — that mighty art 
wliich is ordained to sway the destinies of our race forever — among 
the earliest of printed books, with illustrations, this interesting im- 
plement may be found portrayed in vignettes, in views of cities and of 
rural life, tangible proofs of its universal use throughout Europe at 
that time, as well as during the preceding ages. 

Although allusions to machines for raising water have been found 
in the works of several ancient authors, it does not appear that any 
general account or comprehensive treatise of them was ever written 
by the ancients. If such a work was executed, it has perished in the 
general wreck of ancient records. 

About the beginning of the Christian era, a Roman architect and 
engineer, Vitruvius, published a brief description of some hydraulic 
engines of the water-lifting type, viz., the Tympanum, Noria, Chain 
of Pots, the Screw of Archimedes, and the Machine of Ctesibius or 
pump. He wrote at a period the most favorable for acquiring and 
transmitting to posterity a knowledge of the mechanic arts of the 
ancient civilized nations; for he flourished during the last scenes of 
the mighty drama when Rome had become the arbitress of the world, 
and the enlightened nations of the East — their wealth, learning, arts, 
and artisans — were prostrate at her feet; so that if the previous inter- 
course of the Romans with Asia Minor, Egypt, ('arthage, and Greece 
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had not made them familiar witli the arfe t>f those countries, nothing 
could have prevented them from possessing such knowledge wlitni 
they became Rotnan provinces. 

The water*raising wheels described by Vitruvius are circular 
revolving frames driven by the current impinging upon a set of buckets 
and blades as shown, by which the Tympanum (Fig. lOj dischtii^ges 





Fl£i. 10.— ^Tympanum. 



Fig. 11,— Nom. 



the water through a side outlet in the hollow anna to a trough just 
below the axle. The Noria, of the same general construction, ia 
provided with swinging buckets on the side of the wheel that are 
tipped by contact with a tnmgh discharging the water near the top 
of the wheeL 

The Persian wheel has long ret'tanguhir buckets across the rim of 
the wheel with side orifices that di:^charge bito a trougli near Uie top 




FiQ. H. — Pejsiao wlieel 




of the wheel The screw lift of Archimedes was driven by a current 
wheel; but was also operated in still water by hand and animal power, 
The chain of pots^ operated by a sprocket-wheel of crude form» 
pv^as in use af an early period by all the nations of antiquity^ and is still 



^4 



HYDRAULIC ENGLNEEEING 



employed to a great extejit in Eg)*pt» Asia^ and Europe, and in the 
form of tlie chain-pump, with buckets ejiclosed in a tube, is now in 
use in all countries. 

The oltl chain-and-bucket-pump as depicted hy Vitruvius, and 
its use credited by Heron in his ** Spiritalia/* is iUitstmted in Fig. I4» 
and a later model use<l by the Moors, deriveti from the eariier forms 
of Egypt and Asm Minor, is illustrated in V%^. 15. The ox and the 
ass had been advaiicetl tt» Uie continuous work of irrigation. 

The piston-pump described by Vilru\ius, and its use credited by 

Heron in his "SpiritaHa" as used 
fi>r extinguishing fires, does not 
establish its use for water-supply, 
either domestic or for irrigation ; it 
rested in its cnide form through* 
out the trnturies of the dark ages, 
when at llie dawn of the modern 
e]>*K*h the stuence of mechanics 
ailvanceti its eonstmitit»n for all 
(mriH\**es* 

The fountain of Heron is the 
oltlest pressure-engine known, and 
ill it a vohime of air is used as a 
suli^titute for a piston. It is not 
certain that it was invented by 
hiuK f*»r it may have l*een an old 
device in his time, and one wliich 
he tlionght worthy of preservation, 
or erf Innng made more extensively 
known, «iid therefore inserted an 
account of it in his Vwok, The 
two wssels A B, of any shape, are made air-tight, Tlie top of the 
upper cme is formed into a dish or basin, in the eejitre of which 
Ibe jet pipe is insertetl, its lower end extentling to neiu* the bottom 
of A; a pipe, Ct whose upper orifice is saldened to the basin extentls 
ckiwti to near the bottom of the lower vessel, either passing through 
the top of B» as in the %ure, or in?ierted at the side- Another pipe, 
0, is connected to the ti>p of B, and cmitintied to the upper jmrt of 
A, This pipe conducts the air ffom B to A. Xow supiKise the vm- 
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sel A filled with water, through an aperture made for the purpose, and 
which IS then dosed; the object is to make this water a^scend through 
the jet, and it is accomplished thus: walcr is poured into the basin, 
and of course it runs down the |>ipe C into B; and as it rises in the 
hitter^the air within is nece,si5iirily cuaipressed* and having no way to 
escape but up the pipe D, it ascends into the upper part of A^ where, 
being pressed on the surface of the water, the latter is compelled to 
a.Hceiid ^ifough the jet pipe, as shown in ttie cut, 

A pressure-engine (Fig* 17) on the principle of Heron's fountain 
was erected for draining the mines at Chemnitz in Hungaiy about the 




Tnicldle of the eighteenth century* From a spring at 140 feet above 
the moutli of the mine shaft, whicli was 104 feet iu depth, a difference 
of about l^ pounds pressure was obtained as a power for the elm in age 
|of the mine* The chamber B is submerged that tJie water of the 
pump may enter the chaml>er by gravity thn>ugh the cock or valve 
at 4; the pressure being olT by opt^iiing 3 and closing 1; 3 having 
been opened for discharging the water in A; with 2, 3, and 4 closed 
and 1 open, the apparatus represents Heron's fountain and the water 
in the lower chain be r is discharged at E, In tlii.s apparatus 18 cubic 
feet of water are raised 104 feet and discharged at each operation. 




26 



HYDRAULIC ENGINEERING 



During all the centuries of the dark ages of war and devastation and 
up to the beginning of the eighteenth century, we find no recorded 
eflForts to derive power from running or falling water to operate in- 
dustrial machinery, and not until the mechanical idea enlightened 
the minds of Bacon, Worcester, Papin, and others did the mechanical 
arts seem to have taken a permanent footing in the industrial world. 

The early progress in architectural construction seems to have led 
to the aqueduct system of water-supply of the great cities of ancient 






Fio. 16. — Heron's fountain. 



Fig. 17. — ^Pressure-engine, Chemnitz. 



times. If history furnishes but few and scattered accounts of the art 
of supplying cities with water, we find in the national traditions and 
monuments the proof that the science of hydraulics dates back to the 
most remote antiquity. 

Persia possesses canals for irrigation, the origin of which is lost 
in the "Night of Ages," and which continue to the present day to 
perform their functions. 

In the province of Anachosia, ruins of canals attest the former 
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existence of a vti%i system of irrigatioiK At Memphis is the ancient 
aqueduct of Scsustris, atul Babylon had its aqueduct- 
Jerusalem was supplied with water from the aqueduct of Solomon. 
Among the ruins of the ancient aqueduct.^ of Grec^^e, that of Patara 
in Lycia is mo^st interesting. It c^n,si.sLs of a siphon constructed of 
cut stone supported by an arch in Cyclopean masonry. 

The current wheel lost none of its earher prestige in comparatively 
modem times, and is still in use with the improvement of wing 
dams for increasing the velocity of the current. In Fig, 18 is illus- 
trated the current wheel and beam operating i>umps of the London, 
England^ water-works in the seventeenth and eighteenth centuries 
A,D, The arclies of the old London Bridge at one time contained 



Fig. 18.— Current whi?el, 17Slp London Bridge. 

■three of these great wheels, operating (58 pumps, and furnishing over 
2,000 gallons per minute to reservoirs 1^0 feet above the river. 

"The tide aiul current wheel, erected first in the vicinity ot Ute 
north end of Ltjudon Bridge, and subsequently under its northern 
arch, was erected by Peter Moriee, a Dutclunan, in 1582, and operated 
force-pumps which supplied a part of Lomlou with water. The 
stand-pipe from the pump was 1^0 feet high, and conducted the water 
to a cistern at that height, whert^ it was distributed to the dwelling- 
houses in the vicinity, and by four lead pipes to cisterns at Bisliops- 
gate, Aitlgatc, the Britlge, and Wall-brook, The amount rai<?cd was 
al>out 21ij gallons per minute. The wheel worked Ki pumps, each 
7 inches iu diameter, and having a stroke of 30 inches. Several other 
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similar machines were erected at other points, and were similarly 
driven. 

" The axle of ihe trundle was prolonged at each end, and had 
quadruple eranks which conncK^ted by rods to tlie ends of f*>ur walking- 
beams 44 feet long, wlku.sc <ither ends worked the piston-rods of the 
pumps* The axis of oscillation of the lever sup[X)rting the wheel, 
and by wfu'ch it was adjusted to tlie state of the tide, was eoincident 
with the axle of the tmiidle, so tliat the latter engage<l with the 8-feet 
eog-whrel in any eoudition of vertical adjustment. Each end of the 
walkinf^-heam was made effective. 

" During the seventeenth and eighteenth centuries the works were 

exteudrd from tiuie to 
time, and occupied one af- 
ter another of the arches," 
Hut it is, above all, 
tlic Romans who particni- 
krly attract our atten- 
tion by the architectural 
dcvcltjpment of tlieir 
hydranlic construction. 
Among tlie earlier ex- 
amples of their water- 
supply aqueducts, wc il- 
lostrate a section of the 
aqueduct of Antioch with 
its massive eyclopean 
walls pierced by irregular 
arches. 
Its length is alRJut 700 feet and its height ^00 feet; though solidly 
Iniiit, it is the nidcst e?cam]>le of Ruinan aqueduct construction, and 
contrasts strangely with their later \\'<^jrk» 

Tlic Ijeauty of the aqueduct arc^hitecture of the Romans is well 
illustrated in the Pont du Gard aqueduct at Nismcs, France, which 
spans the Valley of the (Jardon, at a height of 157 fc^t above the 
water. It was one of the earliest constructed by the Romans out 
of Italy, aV)out the time of Augustus. The top course of arches h 
about 1,000 feel in length and the entire aqueduct over 25 miles; 
the dimensions of the water-way is 4 feet wide by 4 feet 9 inches high; 
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Fio. 19. — ^Aquetlurf of Antioch, 
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the fall Uiroughout it"^ entire length is 2,1 It inches per mile and it 
supplied from 14 to 18 millions of gallons of water per day. This 
noted aqueduct has a roadway at its side on the first tier of arches 





as shown in Fig. ^1 in which the section at tlie left is the water-way 
at the lop, with a section of tlie aqueduct and roadway at the rigliL 

The t^randcst of the atiueducts of Rome was the triple tier of 
conduits coni^eying waters of different qualities. The water of the 
purest kind, for drinking use, was amveyed through the uppt*r 
channel, the Aqua Julia, and the water for the baths tlirou^h the 
niid<lle channel, the Aqua Tepuk, while the lower ctiannel. Aqua 
Martia, water was use<l for washing and irrigation. The upper tiers 
were built at successive periods. 

The city of Rome had no less than nine aqueducts in the time 
of the Emperor Nerv'a, with a combined capacity of 25i2,fMKJ,00O 




FiQ. «1.— Details ol the Pont tlu Gftrd. 



gaUons |)er day, at which time there wa^ a population of about 
l/K)i>,000, The distribution within Uie city was much liampered 
by their system of low pressure in lead and earthen pipes — fed through 
bronze gates of regulated dimensions. 

Constantinople, tlie Rome of the East, was also celebrated for its 
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water-supply brought to the city by the Emperors Valens and Justinian 
aqueducts. The magnificent Carthaginian aqueduct carried its 
supply of water through mountains and over valleys for 70 miles, 
and at the town of Undena it was supported by an arcade of more 
than a thousand arches. 

It is evident from what has been said in r^ard to water-supply 
that modem cities have not advanced beyond 
ancient Rome; indeed, in regard to abundance, 
no city has ever yet even contemplated supplying 
to its inhabitants such a large quantity. There 
was an abundant supply for every purpose; that 
which was used for drinking purposes was brought 
from a great distance, and its freshness was re- 
tained by bringing it through conduits of stone 
and keeping in covered reservoirs, where it was 
exposed to the action of the air, and at the same 
time protected from the rays of the sun. Great 
care was taken to prevent any pollution. As to 
the abuses in ancient Rome of the public water, 
it is not the place of the writer, nor his object, 
to remark upon them, or to make any comparison 
with those of modem times. Many of the larger 
cities of both the Old and New World have re- 
cently imitated ancient Rome or are now con- 
templating so doing, by procuring their supply of 
water from long distances, from localities removed 
from all causes of pollution, and bringing it to 
the inhabitants by means of gravity through 
aqueducts. 

Through the long period of a thousand years from the fall of the 
Roman Empire to the dawn of the " Age of Iron " in the eighteenth 
century of the Christian era, the distribution of water in cities and 
towns made little or no progress. The manufacture of cast-iron and 
steel pipe has led to the modem and more perfect methods in city 
distribution and made a most economical substitute for lofty aque- 
ducts in the crossing of valleys. The tedious drawing of water from 
the deep wells of old has drifted by the progress in the iron industry 
into the rapid method of the power-pump and the air-lift. 




Fig. 22.— Triple aque- 
duct — Julia, Tepula, 
Martia. 
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HYDRAULICS — PROPERTIES OF WATER 



The term hydraulics is a general name covering the scientific 
and engineering properties of fluids and in its special consideration 
in this work is its relation to water, its use and power. In its practical 
treatment there are two subdivisions, viz., Hydrostatics, which treats 
of fluids or water at rest and their pressure; Hydrodynamics, which 
treats of fluids or water in motion; the running stream or falling 
water. 

THE PROPERTIES OF WATER 

Water, the active principle in hydraulic effect, is composed prin- 
cipally of two elastic gases : oxygen 8 parts, hydrogen 1 part, chemically 
united by combustion, resulting in the production of water; which may 
be reconverted into its gaseous elements by chemical and electrical 
effect. 

The standard weight of commercial purity has been accepted at 
62.37 pounds per cubic foot, at 62° F. and at 29.92 inches, the mean 
barometric pressure. Its density changes slightly with changes of 
temperature, with its greatest (Jensity 62.424 pounds per cubic foot 
at 39.3° F. as shown in the following table: 

Table I. — Relative Density and Weight per Cubic Foot of Water at Various 

Temperatures 
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190 
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Water in ordxnar)^ use is coiisiden^d as incompressible and there- 
fore in tUs respect is treated practic'ally a.s a solid. Its elasticity 
is veiy slight and is given at aq qoouoo ^^ '^^ volume at a pressure 
of one atmosphere and temperature of 393^ F,; increasing very 

slightly to 4 5 0^ u M »t ^O*^ ^^- 

Taking O.OfKJ05 as a mean value of linear compression at ordinary 

teniperatures per atmosphere, the co-efficient of elasticity of water is 

14 7 
E = — — — = £94,000 pounds per square inch, whicii is far less 
0JIO005 ^ I- -i 

tliari the etj-efficient of elasticity of most solid bodies and the 
metaLs, 

A colunin of water hence increasej* in density from the surface 
downward; applying this value to the density of the ocean at grc*at 
depths, say 37,(K)0 feet in the Pacific, off the coast of Japan, where the 
pressure may be ^7»000X.4y6 = 1 1,703 pounds per square incli, 800 
atmospheres, the weight of a cubic foot of sea water would be in- 
creased from (14 pounds at the surface to 66.56 pounds at that great 
depth. 

HYimOSTATICS 

In hydrostatics are involvcil the principle of static pressure in 
fluids, as water; which is found to be of equal value in all directions 
at any given point; tlie same downward, upuani, and lateral, receiv* 
ing the direction of its pressure from tJie mobile condition of free 
fluidity and its power value fn.>ni its "gravity or weight, wliich may i>e 
considered as potential power, .^ftored power ^ when in the static state 
of pressure. This condition of fluid pressure constitutes the essential 
difference between fluids and solids, solids pressing only downward 
or in the direction of gravity. 

The upper surface of a gravitating fluid is always horizontal, but 
not a plane. Its form is spberical, coiresponding to a radius of the 
earth s semidiameter. 

The Une of sight in levelling is alwavf) a tangent to the spherical 
surface and must be taken into account in laying out extended water- 
ways and canals. 

The pressure of water on every portion of tlie surface of the vessel 
containing it and in contact with it, is equal to the weight of a column 
of water whose base is equal to its unit area and whose height is equal 
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to its depth below the ^surface to the vertical ct*nirt* of the unit, a^ 
shown in Fig, 2ia. 

The level due to hydrostatic pressure in a series of areas con- 
nected l>y pipes and at various distances fiom a common reservoir, 
is Uie isUttic irrespective of 
the form or the length of 
the connecting passages. 

The pressures hcneatli 
the surface are also the 
same for any given vertical 
depth throughout the sys* 
tern, as shown in the illus- 
tration. Fig. !eil I-,,,. ^::^,, iJvdrtKstatic kvd. 

■ To illustrate the pres- 

^■n^ due to gravity ftir any head or natund U'vcl up4>n a unit of 
BRiface, say one square tVK)t, whether vertical^ iiicliacch or horizontal, 

■ we have for an open head, the weight of the water per cubic foot 
B of tlie column from the surface, vertically to the centre of the unit 

■ area of say one square foot, is ecjual to the pressure per square f*>*>t 
at tiie central (K>int; of the unit an^a. 

For example, a square foot of are4i at a depth of its centre from 







Fig. £4. — iJillVreiiliaJ pressure, 

the surface of 10 feet will receive a pressure against the sides of a 
vessel, tank, or retaining wall of 

ti^. 424X10 = 6^24.^4 pounds per square for>t, or 

— ^— = 4 * 33 pounds per square inch, and 

= . 433 pounds per square inch per foot of depth. 
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For the pressure under differential heads and areas, we have 
the differential head multiplied by the diffei:ential areas in corre- 
sponding units, as illustrated in the hydrostatic bellows and piston. 
Fig. 24. 

The units of area must be the same in name, viz., 1 square foot 
or 1 square inch, without reference to the actual area of the head, 
which is often misunderstood by the novice. 

For example: With square inches as the units of areas, and with 
the height dh=10 feet; then 10 X. 433 = 4.33 pounds will be the up- 
lifting pressure per square inch on the head of the bellows and on the 
piston; then if the areas of the bellows head or piston are 100 square 
inches, the total lift will be 100X4.33 = 433 pounds, exclusive of 
friction. 



ATMOSPHERIC PRESSURE AND ITS EFFECT 

The pressure of the atmosphere upon the surface of water at sea- 
level is always due to its barometric condition, the mean of which is 
14.7 pounds per square inch, with the barometer at 29.92 inches. 
It will sustain a column of water, by a vacuum in a closed tube, 

14 7 
of — — = 34.39 feet in height; but, as the evaporation of water under 

a vacuum is equal to ,556 of an inch height in barometric pressure, 

it reduces the atmospheric counter-pressure to 14.42 pounds per 

14 42 
square inch, and — '- — = 33.3 feet, the highest water head possible 

in practice under a vacuum at 62° F. — varying inversely as the tem- 
peratures. 



POTENTIAL ENERGY OF WATER 

Water when stored in reservoirs or by dams and barrages may be 
said to possess a potential or stored energy in foot-pounds, equal to 
the available weight multiplied by the height in feet through which 
its dynamic effect can be obtained. 

The pressure of a stored body of water against the sides of a 
reservoir, a dam, or barrage, has a horizontal direction, tending to 
push forward the mass, equal to its whole vertical area in units of 
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surface, multiplied by the weight and depth of its centre of gravity 
in the same units of measurement and weight. 

Thus on a vertical wall or face exposed to water pressure, the 
pressure at any point of depth is found to be equal to the depth in 
feet, multiplied by the weight of water per cubic foot, 62.424 for a 
square foot, or .4335 pound per square inch, for a square or circular 
area; but if the area be triangular, as at A, C, B, Fig. 25, the centre 
of pressure will be found at the centre of gravity of the given area of 
whatever form it may be. 

In a triangle, as in Fig. 25, it is at one-third the total height, G, F. 

The mean effective pressure for a unit width for the whole depth 
collectively is found by adding the total pressure at each increment 




Pig. 25. — Centre of pressure. 




Fig. 56. — Direction of ptressure. 



of depth together and dividing the sura hy 2, which gives the mean 
pressure of the whole column at a point at two-thirds of the total 
height from the surface. 

This is proved by example in that the sum of the unit pressures 
of the upper two-thirds of the total height or head is equal to the sum 
of the unit pressures of the lower one-third of the total height or head. 

The direction of pressure on the face of a retaining wall is normal 
to its surface at right angles, as shown in Fig. 26 ; with the mean centre 
of pressure at the centre of gravity of the rectangle; or the total 
vertical pressure may equal its unit pressure P X secant of tlie angle 
of the wall from the vertical X > the total heiglit. 

In the construction of walls for resisting only the hydrostatic? 
pressure of water, as that pressure is in proportion to the depth, tlie 
strength of the wall should be in the same proportion. If strength 
were not given to the lower layers by superincumbent pressure, the 
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inclination of the slope should be 45°; but in consequence of this 
pressure it may be less, varying with the materials and their manner 
of being put together. In the construction of dams or barrages the 
varying circumstances of cases allow of the display of a good deal 
of engineering skill. A barrage suitable for restraining a body of 
water which is never strongly moved in a lateral direction against it, 
as at the outlet of a canal or a reservoir fed by an insignificant stream, 
would not be adapted to a mountain torrent, where the surface of the 
reservoir can scarcely ever be large enough to prevent, by the inertia 
offered by a large mass of water, the walls from being subjected to 
a strong lateral force from the acrtion of the current. Under such 
circumstances it is usual to give a curved surface to the facings, in 
a vertical as well as in a horizontal direction; the curves in both 
directions being calculated from the following elements: 1, the ascer- 
tained hydrostatic pressure; 2, the nature of the materials, such as 
the weight of stone and tenacity of the hydraulic cement used; and 3, 
an estimate of the maximum force of flowing water which may at 
any time be brought against the structure during a freshet. This 
force, it will readily be seen, will have a different direction and a 
different point of application in different cases, depending upon the 
depth and extent of the reservoir. The top of the dam is therefore 
given a greater horizontal section than would be called for if hydro- 
static pressure alone had to be opposed. The hydrostatic pressure 
at any point against the surface of a containing vessel is the resultant 
of all the forces collected at that point, and is therefore at right angles 
to that surface. In a cylindrical or spherical vessel these resultants 
are in the direction of the radii, and in the sphere vary in direction at 
every point. 



V L () T A T I () X A \ I) T H K S T A H I L I T Y () F F L O A T I X G 

B (> D I K S 

When a body floats upon water it is sustained by an upward 
pressure of the water equal to its own weight, and this pressure is the 
same as the weight of the volume of water displaced by the body. 

But in many cases, when a body is only partially immersed, the 
centre of gravity may be above that of buoyancy, and yet the action 
of turning cannot take j)lace, so that a condition of stable equilibrium 
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will be attained under these eireuni stances. If a flat IxMiy, such as 
a light wcjoden plank, is placed in water, it will float, and a portion 
will be above the surface, as shown in Fig* 27, antj therefore, if the 
centre of gravity is not l>cl<>w tlie centre of volume, it will be above 
the centre of buoyancy, and yet tlie hotly will be in a state of stable 
equilibrium. For if it be tipped as represented in Fig, !28, the centre 
of buoyancy will be bnniglil to tile position W, on tlie depressed side 
of the vertical passing through the ctiitre of gravity, and this w^ill 
caujie the body to return to its fonner position. But if the body has 
^ueh a shape that when it is displaced the centre of buoyancy Is 
brought to Uiat side of the vertical passing thniugh the centre of 
gravity, which is elevated as ^ep^t^sented in Fig- ^0, then the body will 
turn over. When the body is in the new positicjti, a vertical drawn 




The metacentre of flotation. 



Fio, do. 



through the ehangcd position of the centre of buoyancy will intemect 
the line which in the first position passed vertically through the centre 
of gravity, and this point of intersection is called the nieta centre, 
represented at M in Figs. W and 30, When the nietaeentre is above 
the centre of gravity, as in Fig. 30, the body will tend, by the action of 
the centre of buoyancy, to return to its former position; but when it is 
below » as in Fig. 29^ the action of tlie centre of buoyancy, being 
upward on the elevated side, will tend to turn the body over* Its 
proj>er place, therefore, as its name would indicate, is above the 
€!entre of gravity, but it cannot lie a fixed point. For example, in 
Fig, 30, as long as increase of inclination of the vessel carrietl the 
centre of buoyancy B to the left, the point M might remain at nearly 
the same distance froui G, because it would also move to ihe left. 
But if the inclination of the vessel in the same direction carried the 
centre of buoyancy to the right, the height of the nietaeentre M would 
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diminish until it would be in G, when the equiUbrium would be 
indifferent, and at last below G, when the ship would turn over. It 
is desirable to have the metacentre as far as possible above the centre 
of graWty;.and this condition is secured bv bringing the centre of 
gra%ity to the lowest practicable point, bv loading the ship with the 
heaviest jwrt of the cargo nearest the ked, or by employing ballast, 
and in yachts by ileep loaded keel. 



D I F K K R K X T I A I. PRESSURES FROM U X E Q U A L 
H K I i; H T O F W A T E R OX EACH SIDE OF A GATE 
O R W A I. I. 

As In^fon^ stattxl the moan pn^ssuiv against a l^rrier is found to 
be at a jnnnt tw^>.thir\t of the ti^al height fn^m the water surface, 

so that an oppc^ing water pressure 
at a less height has also its mean 
pressure at a point two-thirds of 
its height fmm the surface. The 
gn^ss pnft^aine' of the high water 
silk is Pi = wX hi X ^hi = *whr, 
which shows that the gross pres- 
suiv varH^ as the squan^ of the 
height. al:i^> that the gn><!< pnessure 
Ffc r. -TOPfTRLtii: w^s«r«v '^^ the kwxr Ve^vl is ako ^ wh^^; 

the centw^ ^^ whvxi^ pr^^ssurrs is at 
tMpe^iiT.i oc tbtr£r Seic*^: wspevtiwly aKn^^ the K^ti^m. or sill if 
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H I : : E T y -v ^ ? v s v^ \ r h v s : :^ v > v r a gate 

A5 ?tfn:r« ttu^-'t^ ::.f t:."jl- .-vntTv vvf xv^rssciTv j^rV"<>t * harrier 
af5.iin»i i: ** ir -v ^-:.^> :r :V :.*ca' >.';^j:>.: frvv.v, :>-' '*-A^fr surface: 
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For example, the resultant pressures from the unequal levels of 
the head and tail water of a floodgate or barrier are horizontal in 
direction, but not on the same level. 

Each of the mean centres of pressure are at two-thirds of their 
depth from their respective surfaces, as shown in Fig. 32 and Fig. 33. 
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Fig. 82. — Differential pressures. 
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Fig. 33. — Differential dimensions. 



The resultant centres of opposite pressures are shown at Ci and 
C2 and equal to Pi and P2. Their resultant pressure, 
R = Pi x'c— P2 (x^c + h) afid the distance of u from the surface at O, is 

U=[P5_XV-P2 (X"e+h)] 

pr+P2 

Solving by the figures in diagram Fig. 33, the resultants R = 

(Pi— P2) w, the weight of a cubic foot, are for one foot in width of 

a vertical section as follows: 

R = (12 X1X6-8X1X4)X 62.424 = 2,497 pounds, and 

(12X1X6X8-8X1X4X9^)62.424 ^ ^^ , , ,1 r, 

u = -^ — = 6.93 feet, the distance 

2,497 

from the higher surface Oi at which the centre of effect C is found. 



THE HYDROSTATIC ACCUMULATOR 

The accumulator is an arrangement of a cylinder with a plunger 
loaded by weights for the purpose of delivering a larger volume of 
water in a given time than the uniform action of the pump makes it 
possible to meet the intermittent and quick action of a hydraulic 
crane, elevator, press, or for testing pipes, when a large body of water 
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at liigh pressure may be obtained quickly without a sudden increase 
in the action of the supply-pump. 

One of the advantag<\s of thi,s type of accumulator is its uniform 
pressure tliroughout its range of action. 

The accumulator i^ sliow'ti in Fig* S4; it consist-^ of the large cast- 
iron cyUnder a, fitted with the plunger b, which works water-tight by 
means of the gland r, and packing. To this plunger is attached, 
by means of the bolt'^ /, and strong cast*iron cross -head e^ tlie loaded 

weight-case rf. Thus a pressure is ob- 
tained upon the water in the cylinder 
equal to a column of water 3,000 feet 
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FlG. 34, — Acc?umu|utor, 



Fig* 35*^ — Accuiuuljitor. 



high, or 1 ,3()0 pounds per square inch. As tlie w^ater is pumped into 
the cylinder by the pumping engines through the pipe It, the piston, 
with the weighted case, rises, being guided l>y a strong framework, 
and is made to regulate the amount of water pumped in, by actu- 
ating a thrt>t tie- valve in the steam*pipe of the pumping engine, which 
it closes after having naehed a certain height. When the crane, 
pre-Hs, or elevator is in operation, the water passes from this eyhnder 
through the pipe i\ to those actuating the motion of the crane^ press. 
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etc*t and the weighted plunger descends, always keeping up a eon- 
stant pressure u^m the water; in descending, the same causes the 
throttle- valve to open again, and the water is again pumped in. 
Another design weighted with iron blocks k shown in Fig. 35, 

Another type of accumulator is much in use, consisting of a closed 
high-pressure tank^ containing air, into which water is pumped^ 
compressing the air to the desired pressure; it does not give a constant 
pressure during its aetioiT. An o|>en tank placed at an elevation 
suited to the desired pressure is much in use in the elevator service 
with the pumping plant in the hiisement. It gives a constant pressure. 

Hydrostatic pressure obtained from a natural fall of water, or a 
force pump, has a grt^at range of usefulness in the many methods of 
its application for mechanical effect. 

The hydrostatic press, by which enormous pressures may be 
obtained l>y multiplying a small power by differential areas has a large 
range of applications in the industrial arts. Among these may be 
mentioned the hydraulic push and pulling jacks, crank-pin presses > 
wheel-presses, shears* riveters, lifts, and elevators. 

The principKfs involved in all these devices for accumulating 
power, are the relative areas of the pump plunger, the main plunger 
of any device, and the pressure upon the pump plunger, all in uniform 
units of area and pressure. 

For example: As most of these devices are ojieraled by hand, a 
p(^rson may easily exert a force of 60 pounils upon the lever handle 
and with the lever pivoted at a point 10 to 1 , then with a pump piston 
of one-half square inch, the pressure will beGOX10X!^ = l ,200 pounds 
per square inch, and if the forcing piston be 3 inches in diameter 
as in many jacks, say 7 square inches area, then T X ! ,200 ~ 8,400 
pounds^ the lifting capacity of the jack. In the case of a hydraulic 
punch the total pressure of the punch upon the metal to lie punched 



will be 



8.400 



which for one- half inch diameter = J96 and 



area of punch 
= 44.58^ pounds per square inch, sufficient to punch one-half- 



8.400 
.196 
inch holes in iron one-half inch thick. 

The detailed working parts of the hydraulic punch are shown in 
Fig. ii6, in which a small plunger in the cylinder D, witli inlet valve 
E and discharge valve below, is operated by the lever B, to give great 
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pressure to the ram H, to which is attached the punch. On opening 
the by-pass valve K, the ram is lifted by the lever L and revolving 

wedge M, pushing the oil 
back into the reservoir A. 
The hydraulic lifting 
jack is made in many de- 
signs ; the leading principles 
of operation and action are 
shown in Fig. 37. The 
lifting power as above com- 
puted is derived from the 
formula P = pD^ -^ d^ in 
which p = pressure per 
square inch, D = diameter 
of the piston in large cylin- 
der, P = the total lifting 

= 8,437 pounds, the 




Fig. 36. — Hydraulic punch. 



ChaFBlini^Sorvwi^ 



pressure. As in the example above, 

total lifting power of the jack. 

The shell of the jack extends over and 
nearly to the foot of the ram to enable 
a lift at both head and foot of the jack. 
The small plunger and valves are operated 
by the lever and arm D, for lifting, and 
the by-pass valve serves for lowering a 
load or closing the jack by its own weight, 
which will send the oil back to the cis- 
tern. S, suction valve; F, discharge valve; 
G, leather cup packing. 

The fundamental formulas for the 
conditions of the relations of the force, p ; 
diameters of the pump piston d, ram D, 
and the total pressure P, are expressed 
as follows: 

Pd-' ,. /Pd^ , /pT>^ 

The hydraulic rail punch and rail bender and straightener are 
important implements in the line of their usefulness and are operated 




Fig. 37.— Hydraulic jack. 
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iti the manner heftiir doscriljed as to their power. Tbt-ir UHual dciiigns 
are iltustmted in Fig. 38 and Fig. 39; tlie loops are for suspeD^ion 
and easr handling. 

Tlie hydrauHc press is made in many designs to meet the require- 



Pig. 38, — Rail |ninch. 



Pio. 30,— R&il Ijender, 



ment of its work, while its power is derived from the hydrostatic 
jJrincipIes l>efore descril>ed and illustrated. 
■ The model of press mueh in use in faetories for pressing goods^ 
emhossing, and stamping is illustrated in Fig. 40 and one for com- 
presjsing bale goods in Fig* 4L 

To facilitate speed in embossing* the n]>per platen is provided 
with a large screw, which is quickly run down to make c*ontaet, when 



im 



Fig. 40, — Eiul Hissing pres^. 



Fig. 41. — Biile jire^s. 



a few strokes of the pump brings up the desired pressure, \^'hich has a 
uniform tally by the pn^ssure gauge. 

The cotton and r>ther presses used for large platform areas r<*quire 
very liigli initial pressure from the pump and large areas in the ram. 
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Pressurei* up to 5 tons per stjtiare inch are in use for special work 
with steel cylinders; while S tons per square inch is 4il>aut tlie limit 
^Wth cast-iron cylinders with a safe factor. 

The ^au^es use<l fur indit-ating the pressure are of the Bounlon 
type with dials figured op to 0,000 pounds, or to any requirecl maximum 

pressure per square inch. For these 
high pressures the bent spring is 
made of strong steel tnbing flattened 
so that the pressure tends to conipresvS 
the inner wall and cause a tension 
on the outer wall and thus tend lo 
straigtiiea it and hy its free end at- 
tachment thn>ugh a rack and pinion, 
moves the indkator over the iliaL 
Among the many hydraulic or rather 
hydrostatic devices in use we may 
further name the pulling jack, sus- 
pension weighing scale, bolt mm, 
cranes for foundries and for loading 
at docks, bar and beam Ktraighteners, plate Ijenders, punches, and 
shears, A novel device ft>r forcing close-fitted bolts that are nisted 
in, such as the bolts holding the blades of propellers, and which 
allows a blow to be given to the ram to start the bolt is shown in 
Fig. 43. Its novelty is in the loose plunger and head within the ram 




Fia* 42. — H^-dmulic gauge. 



I 




FiG. 43.— Bolt ram. 



which allows a blow to he given to start the bolt. The hook claw i^ 
double to allow the bolt head to clear. 

The pipe-bending ram shown in Fig. 44 h one of the conveniences 
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of uvcry estalili^hnient where pipe bent Wf>rk is made. A set of curved 
dies is used to fit each size of iron pipe so that the Ueiids can lie made 
without flattening the pipe, a most nec*essarv condition for inserting 
eLectrical conductors. A ra<^'k and pinion o|X'rates the ram for closing 
upon the pijx% when the hydraulic plunger finishes the work with a 
total pressure of fmm tUt to 4(1 
tons. 

The hydrauhc te*itiug pump. 
Kg. 45, is a most cfinvctiient 
a ppa nitus for h igh - pressu rt? 
testing and is made for pres- 
sures from I Mm to ia,(i(X> 
pounds per square inch. The 
piston has two areas: the larger 
one with the hand lever w*>rks 
up to 2,(MK) pounds and the 
small one carries the pressure 
up to lfJ,(K)0 pounds (KT square 
inch. The pump is mounted 
Upon an iron tank for its watcr- 
or oiUsupply and with wheels 
for porta l>le use. 

The hydraulic Iwo-plunger 
helt-pump. Fig, 46, is a special 
design for continuous work as 
for supplying accuiTmlators, and 
IS suitable for alt [>ressiires up 
to 6,000 pounds per square inch. 
These pumps am also sy|>plied 
with a start-and-stop tlc\'ice operaited Vj}' the s^'cigllt platform of the 
accumulator- 

The general arrangement of the moving parts of a hydraulic press 
is showTi in Fig* 47, consisting of the force pump operated by a lever, 
its valves, the safety valve, and the lifting ram. 

The \ital parts of such devices for the various kinds of work to 
which they are assigned are tlieir design and constniction, so as to 
resist the required hydrostatic pressure with a safe factor for the ten- 
sile strength of tlic material surrounding the points of greatest stress. 




Fig. 44. — Pi lie tjcadcr. 





Fig, 45.— Hydraulic testing pump. 
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FiQ. 46, — Hydraulic bdt-pump, double-pJunger. 
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For the thickness of the cylinder walls of a hydraulic ram, we 
have the equation — 

P r 

7R54 fCTi^^ — P "^ thickness in inches; in which P == the total 

pressure on the ram, r = radius of the ram cylinder, C = tensile 
strength of cast-iron or other metal cylinder, D2= square of the 
diameter of the ram, or the area may be substituted for .7854 D^. 




Fig. 47. — ^Hydraulic press. 



For example, for the ultimate tensile strength of a cast-iron 
cylinder for a pressure of 2,000 pounds per square inch, with a ram 5 
inches in diameter and 17,000 pounds per square inch, as the tensile 
strength of cast iron, we have the total load or pressure P= 19.635 X 
2,000 = 39,270 pounds. Then, 
39,270 X 2i 98,175 



888,795 - 39,270 294,525 



= .333 inch, and if a factor of 3 be 
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used, makes the thickness 1 inch, to which may be added a small 
percentage for defective casting or finish. By dividing the tensile 
strength by the factor of safety and multiplying by the area in the 
place of .7854 CD^ in the equation the result in full will be ob- 
tained. 

The assumed friction of a ram is quite small but should be added 
to the total load. It has been estimated at 4 per cent, of the load 
divided by the diameter of the ram in inches. 

The following table represents the theoretical practice for thick- 
ness very nearly: 

Table II. — Of the Testing or Highest Pressure Allowable for Cast-Iron 
Cylinders of Good Metal and Even I'^hickness and of the Inside Diam- 
eter AND Thickness in the Vertical Columns, for a Safe Factor of One- 
Third THE Tensile Strength of Good Cast Iron. 
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A formula for the tensile strain per square inch on the walls of 
a hydraulic press cylinder, due to any required load, is 

^PjR2^+lf) 
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P=the total pressure or area X pressure in pounds per square inch; 

R= radius of outside of cylinder; r= radius of inside of cylinder or of 

ram if it is a close fit. 

For example, for total load of 25,000 pounds, 12j tons, with a 

cylinder 6 inches diameter and a 4-inch plunger we have: 

25,000X18 65,000 ^ ^^ , . u x • 

= -TT = 5,200 pounds per square mch stram upon 

5 area 12^ r r ^ 

the metal, about one-third its tensile strength. 

The more active operations of hydraulic power in the use of lifts, 

cranes, and hammers will be treated in chapters farther on. 



CHAPTER III 

HYDRAULICS 
M E A S U R K M K N T OF THE FLOW OF STREAMS 

Water power will be sought, utilized, and economized in all 
countries wherever fuel becomes expensive or scarce, and is now 
the only recourse for power in many of the mining regions of tlie 
United States, Mexico, and South America. 

The utilization of the water of the arid districts of all countries 
for the purposes of irrigation and power has long been a necessity 
in the older countries, and will soon become, if not now, of the utmost 
importance as the tide of population covers the great plains of our 
Western hemisphere, and to this end the necessities of human ex- 
istence require the utmost economy in utilizing this great element in 
nature that is so essential to our being. 

The flow of water in streams and the measurement of the power 
that may be derived from its mechanical transmission into work, in a 
form that may be understood by persons not versed in mathematics 
or engineering expedients, is a much-desired want with many people 
who have water power to develop and are unable to obtain the ser\'ice 
of experts for the solution of a preliminary or uncertain problem. 

For such we will endeavor to make the problems appertaining to 
the flow and power of water of easy solution by any one with ordinary 
arithmetical tact. 

The numerical value of the power of water as a natural me- 
chanical agent is derived from three elements, namely, gravity or 
weight, height or pressure due to height, and volume of flow, against 
which, form of ajutage or orifice, friction and leakage or spillage are 
the coefficients that make a reduction in the realization of its full 
value. 

Descending fluids are actuated by tlu* same laws as falling bodies 
for all the practical purposes of conij)utation, and by virtue of their 
50 
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Vertical fall descend 16.08 feet in tlie first second and attain a velocity 
at tile end of the first sect>nd of 32,1(3 feet per secontl. 

As one second m assigned as the unit of time in hydraulic computa- 
tionis, gravitj^ or the velocity attain#*d by a falling body during one 
second of time becomes a symbolic expression of which the letter g 
is always the exp>nent, and which represents the value *MAO. 

The measurement of the meehsitiica! effeti of the flow of water in 
streams or over dams may be ol>tainet! from a few ohservatloiLs, 
beginning with tlie mc*u?urement of a quiet .section of a stream in a 
general way, for obtaining the appmximate volume of flow- 

For this pufjjose select a place in tlur stream a few ytinh or 
rmJs in length, according to it^^ size, where the chatmel i.s nearly 
st raight. 

Measure the depth at regular intenals nf sjmc^ from .shore to 
shore, making a section of frtMo (> to 1^ or more divisions, at^cording 
to the width of the strtmm, as shown in^Fig. 48. 




VlQ. IB. — Slc-asurpfJ cfrpths. 



Adding these measurements together and dividing their sum by 
the number of measurements, will give the mean deptli, which 
multiplied by the width givt*s the mean area* 

If the channel is not unifonn for two or three n)ds and the l>est 
r**,sult5 are required, two or more sectional measurements may be 
made, their means added and the sum divided by the number of 
s<*ctions for the mean of the range. 

All tlie nn^a-sun*ments sliould \ye made in feet and tenths of a foot 
for convenience of computation. 

If measured in inclies, the change is readily made by multiplying 
the measured inches by 10 and dividing by 1^, 

The velocity of the stream may then be taken with a float made of 
a small block of wood three or four inches square, with nails driven 
the under side, and a n<iil in the centre of the upper side for 

ervation, as in Fig, 49, and to which a string attached to a rod 
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will make a convenience in handling. A fishing pole with hob and 
sinker answers everj'- purpose for small slrearain* 

A measured distance of from 10 to 50 feet on the centre line of 
the stream should be made by driving stakes on each side of the 
stream, or setting a very thin stake near the centre, if accessible. 

The float or bob being dropped into mid-current just above the 
upper line of sight or stake, the moment of passing the line is noted 
to the nearest second, and the time of passing the second line or 
stake also noted to the nearest second. This may be repeated, as the 
mean of two or more observations makes the work more reliable. 



I 




49,— Float block. 



The double float, one stibmei^ed for subsurface velocities. Is used 
in deep and rapid rivers, where current meters are not available for 
anchorage. 

The distance in feet between the two marks or stakes divided 
by the number of seconds gives the number of feet and decimals of a 
foot as the velocity of the centre line of the surface of the stream. 

From this should be deducted 10 per cent, for friction of tlie 
bottom and sides of the stream or channel when of a depth equal to 
one-third of their width, if the bottom is smooth, 15 per cent, for 
rough, stony bottoms, and ^0 per cent, for very shallow streams 
with rough bottom. 

The corrected velocity of the stream in feet per second, multiplied 
by the corrected sectional area, gives the volume of water in cubic 
feet per secijnd. 

In a deep stream, its velocity iu different parts of its sectional area 
varies to a considerable amount, being greatest near the centre of 
gravity of its sectional area. In the measurement of ordinary streams 
with a rough bottom a deduction of 10 per cent- from the surface 
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velocity at the centre of the stream may be made for the mean velocity, 
v^ hile in ciinak, ditches, and flumes, 8 to 5 per cent* may be a fair 
deduction according to tlie smoothness of their walls and form of area* 

The velocity close to the bottom or next to 
ihe wet perimeter is verj^ much less than at the 
[surface at centre of stream, and varies with 
the condition of roughness and form of the 
bottom; ^U to 30 per cent, ditference iias been 
observed* but the conditions of form and 
rouglmess are so uncertain, that the above 
rule will be found practical for all ordinary 
purposes. 

The velocity cur\^e. Fig. 50, veriicaUy has 
a j3aralj<jHc form in which the forc^e of the 
wind either up or down stream makes a shglit 
difference in the mean velocity. A horizontal velocity section also 
■ shows a lagging at the sides of the stream, which prodTices a vortical 
motion of the surface toward the centre causing floating debrU to 

> gather in the centre of a river and also of the slight elevation of the 



Fig. 50.— Curve of ve- 
locity. 



centre above the water along the banks, equal to 



«? 



For the more accurate velocity measurement of large streams* 
propeller or wheel meters are in use. The current meter. Fig* 51, 





Pig, 5L — Current meter. 



Fte, fit.^Vdocity itginter. 



is a propeller on a spindle with a worm operating geared register 
wheels graduated to the number of revolutions. Started and stopped 
for time by a string or rod and spring pawL 

The velocity registerj Fig, 52,13 Uy show the variation in velocity 
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of streams by the angular position of a float, sector and rack, with a 
pencil to mark the variations of velocity on a revolving cylinder. 



THE FLOW OF WATER IN OPEN STREAMS AND 

DITCHES 

The flow of water in streams, canals, and ditches and their hydrau- 
lic grades or slope is a somewhat complex problem, arising from the 
friction of the bottom and sides varying with the kind of material 
with which they are lined, as well as the var\4ng velocity due to 
varying areas ; the friction being inversely as their areas. 

For irrigation ditches, where the lining is of fine material, as sand, 
loam, or clay, the flow will have the least friction; but curves and 
angular bends have an influence in retarding the flow due to a given 
slope or hydraulic grade. 

A few definitions may here make plain the terms of computation 
for velocity and slope of streams, canals, and ditches, under various 
conditions. 

The area of a stream, canal, or ditch is the width multiplied by 
the mean depth as described in the following factors of measurement. 



THE WET PERIMETER 

The wet perimeter is the measure of a stream, canal, or ditch 
following the irregularities of the bottom and sides, as shown in Fig. o,S. 




Fig. 53.— The wet perimeter. 

As the wet perimeter is an important factor in the computation 
of the slope of a stream, canal, or ditch, the means for approximately 
obtaining it from the set of measurements for area is desirable for 
natural streams, while for canals and ditches of kno^vn dimensions, 
the wet perimeter can be measured on a sectional drawing. 



HYDRAULICS 



55 




Fia. 54. — Resultant perimeter. 



For natural streams, to the sum of the outside measures for mean 
depth add the diflference between these and the next measure succes- 
sively, and also one-half the 
sum of the outside meas- 
ures as follows, from Fig. 53. 
Make this sum and the 
width of the stream the two 
l^s of a triangle. Fig. 54, 
and to the square of the width add the square of the sum of the depths, 
and from this sum take the square root for the angular wet perimeter: 

Sum of outside measures 2' 4"+2' 6"^= 4' 10^ 

Differences .4'' -IS'' -6^^-12'' -9'^= 3' S^ 

One-half the sum of outside measures 2' o'^ 

lOMT 

Or decimally 10.916 

Then— 502 = 2,500 

10.9162= 119.14 

V'2,619.14 = 51.2' 
The angular wet perimeter being found to be 51.2', add, for 
roughness and inequalities of the bottom between the measured 
divisions, 5 per cent, to the angular amount, making a wet perimeter 
of 51.2 + 5 per cent. = 53.76', a ver>' near approximation to the meas- 
ured wet perimeter of such a stream. 

For canals and ditches with flat bottoms and straight sloping sides, 

the operation be- 
comes an easy one, as, 
for example, the fol- 
lowing form. Fig. 55 : 
Here the slopes of 
the sides make equal 
and similar triangles, 
and as both triangles make a rectangle 4' hy 3', the solution for area 
becomes a very simple one, viz., 4' + 4'X3'=24 square feet. 

The wet perimeter is then found by obtaining the length of the 
slope; which is equal to the square root of the sum of the squares of 
the horizontal and vertical sides of the triangle, viz. : 

4^+3^=25, and the square root of \^25 = 5, the slope. Then 
5' + 5' + 4' = 14 feet, for the wet perimeter. 




Fig. 55, — Canal or ditch j)erimeter. 
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THE HYDRAULIC RADIUS 

The hydraulic radius, another factor in the problem of the slope or 
hydraulic gradient and its conset|uent current, is the area of the 
transverse section of a stream, canal, or ditch, in square feet, divided 
by the wet perimeter, in lineal feet. 

For example, as in the finst case, Fi^, 53, the sum of the measures 
for depth amount to 18' l)'^, or 18.75 feet, which, divided by 6, the 
number of measures, =3,^^25X50 fect=161.f5 square feet, the area 



of tlie stream, and 



](il.25 



^ J2.99, the hydraulic radius sought. 



- 1.714. 



53,76 
For the second case. Fig. 55y for a ditch; 

tile hydraulic radius sought. 

The trapezoidal form of canals and ditches, as above described 
and proportioned, approximates very nearly to the best form for 
irrigation ditches in gravel, sand, and loam, as the slopes of the sides 
will hold with mean velocities below 2 feet per second. 

The formula for the velocity of flow of earth-lined channels and 
Mreams, l>y Kutter, recjnircs a coefficient varyinj^ with the roughness 
and square root of the hydraulic radius, as expressed, is, velocity = 
C v^rX V^ ^^ which s = the fall in feet divided by the distance in feet. 

TAflr.K 111. — Refhesents the Cokfticients for VARioits Hydraulic Git^nEa 
ANn Fon Two CbNumoNS or RouyH??tss: tmi-: Fitmr SEcrroN for Sa«o</ru 
Canals and DtrcHBa and the Second Seltion bx>r Ordinahy Streams with 
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Interpolations may be made for intermediate values of slope or 
y r in computation. For example, for a slope of i feet per mile, 

- - ^1 in 2,640 and with a hydraulic radius of 2.99 we find by the 

table the approximate eoeffieient 94.9; then veloeity^94.9V2.90X 



V 2640 



- 1. 73 X. 01 946 = .0336058X94.9 = 3. 19 feet per second. 



T H K S L {> P K G H H T D H A U L 1 C GRADIENT 

The slope of a diteh or stream is its fall in feet per mile or 1 
divided hy any measured length, a,-* the ea-se may be named in the 
formula. 

For the velocity of flow in rivers Iiaving a urn form area, we have 
the following simple fonnula fur velocity from a given slope, and» 
by inversi an, the slope for a given vt^ocity: 

L2 V^ hydraulic radius Xslope in feet per mile == velocity in feet 
fiCT second. 

Thus, for example, as for Fig. 53, with a hydraulic radius of 2.99 
and an a-*5sunicd slope of 2 feet per mile: 

1.2 V^2,99 X 2 =^ V^5.98 X 1 .2 = 2.93 feet velocity per second. 

For the velocity of flow in canals and ditches of uniform area and 
smooth bottom, we have the formula: 

2d, y hydraulic radius X2Xslope in feet per mile = velocity in 
feet per second. 

Assuming the hydraulic radius of the canal or ditch as in Fig. 55» 
with a slope or hydraulic grade of 1 foot per mile, 

Tlien -/ 1.714X2x1- L85 feet velocity per second. 

The widcJiing of such a ditch to 24 fc<*t, with the sides of the same 
slope and depth, make;;; a marked increase in the velocity of the 
current with the same hydraulic grade, or will allow of a less grade 
for the same current, as an example will show* 

Width at top 24 feet, lx>ttom 16 feet, sides as in Fig. 55: Then 

tbe area will be 20X5 = 60 square feet, and the wet perimeter will 

60 
be 5 + 5 + 16 = 26 feet, and -- = 2.307, the hydrauHc radius, 

2b 

Then V 2^307X2 XI = v^4614 = 2.15 feet per second for velocity 

of the current. As this js too swift a current for canals or ditches 
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with a lining of sand or loam, some other grade may be adopted, say 

three-quarters of a foot to a mile, which with the above formula will 

give a velocity of 1.86 feet per b'econd, or an inversion of the formula 

may be used to adapt the grade to a required current, as shown 

farther on. 

For ascertaining the required slope or hydraulic grade for any given 

velocity of current per second with an assigned hydraulic radius for a 

canal or ditch, the formulas Nos. 1 and 2 may be inverted as follows : 

^ . velocity in feet per second ^ ,. . . 

3d. :p=-^. ^r; = gradient m feet per mile. 

Hydrauhc radius X 2 ^ ^ 

Taking the second example, Fig. 55, the computation becomes 
1.85^= ' ' — a^^ ^^^^ P^^ ^^^ slope or hydraulic gradient. 

With these data for an irrigation ditch twice the width with a 
required velocity of 2 feet per second, the equation 

22 
3d r-^;rz — - = 0.866 foot per mile for the slope or hydraulic gradient. 
2.J07 X2 

The ditch, as in Fig. 55, with a current velocity of 1.85 feet per 
second and a hydraulic grade of 1 foot per mile, will deliver 24 
square feet X 1.85 = 44.4 cubic feet of water per second, or over 

3,800,000 cubic feet per day of 24 hours. 
A good form of the section of a sewer, 
as shown in Fig. 56, is essential to the 
uniformity of effective flow at diflFerent 
depths and for the purpose of preventing 
the lodgment of silt at the lowest stage of 
flow. 

The lower section A, B, has a larger 
hydraulic radius than the high stage sec- 
' ''' ^..: :,L.:/. ..^,. ^/ tion D, E, and thus compensates for the 

Fig. 56. — Scwcr. greater velocity in the larger area. 

The computation for velocity and vol- 
ume of flow is the same as for the trapezoid or open channel. Fig. 55, 
The slope of the old Croton aqueduct is 1.1 feet per mile. The 
new aqueduct has a less slope, due to its larger area, being 8j inches 
to a mile. 

These low-grade slopes were made to meet the requirement of 
a nearly perfect wet perimeter. 
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In practice, the ditcbes for irrigation purposes, where the length 
is less Ihan five miles, should be made level, with depth enough to 
balance the hydraulic grade, so that waste weirs will not be required » 
that the water catch may all Vie saved during a time of drought. 

Rescrv^oirs wherever practicable along the line of main ditches 
are of great importance, in arid districts, especially where the source 
of supply is a flood stream thnt may t>eeome dr}^ thiring a drought. 
At such time^ a single irrigation from a stored supply at the oppor- 
tune time will often save a crop. 

In regard to the quantity of water required to save a crop on a 
given size farm, m> definite figure can be given under the varied con- 
ditions of chinate and rainfall, yet it ha^s hwu istimaled that, for a 
latter part of the arid lands of the United States, a depth 4*f iJ inches 
on the whnle acreage during tlte diy* season will save a crop* 

A depth of inches will be sufficient In tVie mort^ arid districts of 
Arizona and New* Mexico, {See chapter on IrrigJitionJ 

Taking for example a farm with 100 acres under special eultiva- 
tion, tlie quantity rcqnire<l fi>r a seasonal depth of 3 inches will be 
about l,08i>,WIO culiic feet, and for t? inches in depth ^.178,000 cubic 

These figurt^s look large but a ditch of 5 square feet water area, 
or say 4 J feet wide by H feet in depth, at a velocity of 1 foot per^ 
second, will meet tlie supply of 3 inches in depth over 100 acr^s In 
14 days, and of 6 inches in depth in one montli. 

Til is* will be more than enough for a continuous drought of two 
months. 

The possibilities of storage by artificial p<mds or lakes is of the 
utmost importance where the source of supply is limited; and although 
not always feasible by dams in the ^treams^ a series of reservoirs along 
the line of ditch miiy often be made available for the storage of one or 
two million cubic feet of water, and in this way save the cost of large 
ditches and make available the smallest streams by the cumulative 
process through tlie rainy sea^^on. 

Where pumping is required we refer tlie reader to a subsequent 
chapter. 

If a dam or any ol>struction is to be made in the stream for the 
purpose of obtaining a fall, a carpenter s level, or, if not at hand, a 
livaler-level may be improvised and set up at the pro[x>sed site and 
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height of the dam, no ranged that the fall may be measured at any 
dej^ired distance downiitreaiu and the backwater line of tlie proposed 
dam observed and staked. 

The water-level. Fig. 57, may be made of a board 4 inches wide 
by ^ feet in length, planed j^traight up<jn tlie cdge*^ and slightly con- 
cave in the centre and oiled. It should be laid upon another flat 
boardt which may rest upon a pile of stones, or on stakes, so arranged 
that it may be leveled by wedging up the under Ixiard. A little water 
in the slightly hollowed jmrt of the upper board showing an approx- 
imate level suitable for mill engineering. 

This arrangement will allow the level to be swept around, up» 
down, or across the stream for observation. 

A pole with its foot set at the water s edge at any point down- 
stream rnay be observed by the eye along the upper edge of the water- 
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level, and the level height marked by a second person by shoving 
a stick up to the point of sight, and thus obtain a measure reliable 
for all practical purposes. 

The cubic feet of water flowing jwr second multiplied by its weight 
per cubic Uyot {G2,5 pounds) and tins product multiplied by the 
observed height in feet gives the number of pounds falling 1 foot 
per second, which, divided by 550 , gives the horse-power of the stream. 

To make this plainer to the mind of the amateur^ the following 
example is given : 
f ' 4^^ Let the measurements be taken as described for Fig* 53 at 

, „ IB 75' , , 

18' n*' = — -— = S.225 mean depth. 

Let the stream be 50 feet wide, then BQX3M5^16JS5 
square feet area. 

Let the surface velocity, as found by several measurements, 
lgf gff be 40 feet in £0 seconds, or % feet per second, with a fairly 
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smooth bottom, far which we deduct 10 per cent,, making the mean 

Telocity 1.8 feet per second. Then 10hSi5X 1.8 = 290.!25 cubic feet. 

Let the observed fall that can be had equal 10 feet, 

gmg5X6*g.5X10 ^^^ ^ , ,, I - ,. 

Then —T = 3£9*8 horse-power as the value of the 

550 

stream. 

From this ^ per cent, should be deducted for loss of head by the 
flume, leakage, and the ct>efficient of the be^^t water- motors, which 
leaves for work Ji-t7 borse-jxjwer. If an ordinary water-wheel is to 
be used, not Icj?!* than 40 per cent, should l>e deducted from the gross 
power of the stream. 

Allowance should also be made for the water stage of a stream 
at the time of measurement, so that a computation for the average 
of a season may be made. 

The backwater of a dam is of some value, if it can be made large 
enough to be made available on small streams, when the power 
required is nearly equal to the flow. The proportions for increase of 
backwater service in large streams where the full power is utilized 
become enormous, as a few figures will show. 

For the above stream the constant flow for 10 hours is 290.25 X 
36,000 seconds - 10,449,000 cubic feet for a gross power of 329.8 
horse-power. 

To increajsc this power 10 per cent, by impounding the night flow 
will require an area to hold 1,044,900 cubic feet of water, or the raising 
of the dam 1 foot, and with a pond area 200 feet wide by 5,224 feet 
or nearly one mile long. Hence the utility of storage of water for 
power purposes h a useless expense, except where the natural con- 
ditions greatly favor it. 

The raising of the water-head or dam 10 per cent, is expensive, 
in proportion to the gain: ami, Anally, the most effective way to do 
more work with water power Is to extend the running lime to 1 1 or 
12 hours, or making 2 shifts of 8 or 10 hours each per 24 hours, as 
is so much in practice among our great milk using water or steam 
power. 
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THE SCOURING ACTION OF WATER 

As undue velocity has an abrading effect upon the material of the 
bottom and sides of channels, various experiments have given us a 
gauge for guidance in laying out the hydraulic slope of canals and 
ditches. Its effect has been found to be for a mean velocity of — 

0.4 of a foot per second, moves fine clay. 

0.5 of a foot per second, moves loam and fine sand. 

0.8 of a foot per second, moves fine gravel. 

1.6 feet per second, moves coarse gravel size of beans. 

3.5 feet per second, moves shingle 1 inch in diameter. 

4.5 fet»t per second, moves stones ij inches diameter. 

6.0 feet per second, moves stones 3 to 6 inches diameter. 
10.0 feet per second, moves bowlders and rocks. 



DISCHARGE FROM FLOODED WEIRS AND SUB- 
MERGED ORIFICES 



When a dam, weir, or orifice has a backwater obstructing their 
flow, as shown in Figs. 58 and 59, the formula for an obstructed 
dam or weir for its flow is, 



C 1 V^^g h (d + ^ h)= volume in cubic feet per second. 

In which C is a coefficient of from to 1, increasing with the differ- 
ence in levels of head and tail water. 




T^i; } 
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Fig. 58. — Submerged dam. 



Fig. 59. — Submerged orifice. 



1 = length of dam or weir; h = difference in height of head and tail 
water in feet; d = difference in height between the edge of dam or 
weir and the tail water in feet. Then for example, with a submerged 
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dam and overflow of 4 feet with h=3 feet; d = l foot; 1=5 feet; the 
figured expression will be with a coefficient of .6 as follows: 

.6X5xV64.12Xl (1+2) = 72.18 cubic feet per second. 

For a submerged orifice with a backwater overflow, as shown 
in Fig. 59, the formulas are C^ v 2g h = the velocity in the orifice in 
feet per second, and C^ a v 2g, h = the volume in cubic feet per second 
when a = square feet of orifice. 

For example, with a differential height h = 4 feet, and C = .6, the 
velocity in the orifice will be 
.6 X 8.02 X 2 = 9.624 feet per 
second, and if the area is 2 
square feet, the volume will 
be 19.248 cubic feet per second. 

A formula applicable for 
the time for discharging a 
tank or a canal lock, requires 
the discharge gate to be sub- 
mei^ed and the height (h) to 
be equal to the difference in water-levels at the commencement of 
discharge. 

A = the area or contents in cubic feet, and a = area of the gate or 
gates, C = .6. 

Then -=^ = time in seconds. 

Ca -/2g 

For example^ a lock 80'X20'X16' fall with a discharge gate of 
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8 square feet 
charge. 



2X1,600X4 
.6X8^64.32 



= 332 seconds or 5h minutes for its dis- 



CHAPTEK IV 

FLOW FROM aUBBURFAC'K ORIFICES AND NOKLES 

The velocity of a fluici issuing from a hole or aperture of the hest 
form in a reservoir is theoretically the same as it woukl be if it fell 
from tlie height of the surface of the water in the reservoir to the 
center of the hole or aperture. It varies as the square root of the 
height and is found to be equal to the square root of the sum of twice 
gravity (64-32J and the height in feet, the fornnila of which is: 

yj^gXh or HAHX^h^l^. 



Thus for a fall of 1 foot the velocity Ls ^64.^^ X 1 -S.Og feet per 
second, and for a fall of 16 feet it is y^G^/Mxm=S2,0H feet per 
second. 

Practically, friction and the farms of orifices of issue make a 
reduction from the theoretical values, except in some peculiar forms 
in which the velocity exceeds the theoretical value. 




FtG. flL Fig, m. 



Fig. 63. 

Forms i»t m)idt53* 



C=.ft84 



The coeflficient of discharge may be briefly stated for all ordinary 
tests for volume of discharge to be from an orifice in a thin plate, or 
a hole in a plank with a bevel on the outside brought to a sharp edge 
up on the inner side or a nozle not longer than three times the diameter 
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Fm, 65,— Straigbt Dozle. 



Fig. 66. — Curved entmnce. 



of the smallest part* as shown in Figs* 61, 62, 63, and 04, in which 

the coefficients are marked for each form of orifice. 

The measure of any orifice, opening, or nozic should always be 

its smallest diameter* 

For the quantity delivered from these forms of orifice, the rule 

for which is, the velocity in feet per second multiplied by the area 

in square feet or decimals of a foot gives 
.the volume in cubic feet per second, 
I For obtaining the area, multiply the 
^■Ml&re of the diameter in inches by 

0.7854 and divide the proilnct by 144: 

which wiU give the square ft^^t or deci- 

mab of a square foot as a multiplier in 

the above rule for cubic feet per second 

I for round orifices. 
As an example say for a 3-inch 
orifice or nozlc the area will be 

13* X S^ = 9*' X 0,7854 = ~,J- - 0.04900 
144 

of a square foot, 

■ Tlie velocity for a spouting Jet will 

■ be, theoretically for HI feet lieail, equal 
to V^64,3*2X 16^=32,08 ft^t per sec-ond, 

I and 3«.08X 0,04000 = 1.5748 cubic feet 
per second. 
The coefficient of discharge as found by experiment varies in the 
different forms of tubular nossles as follows: 

I A straight no^ile ij to 2^ times its internal diameter in lengtli at 
c, r, is .8^3; and for the same tube rounded to eliminate the vein of 
contraction, is .934- 
A double conical tube 3^ times its smallest diameter in length of 
diverging end is for c, e^ 1.4^, showing the power of the divei^ing 
nozle for accelerating the velocity of discharge through its smallest 
area* 

■ The application of the coefficient of deliveiy for the best form of 
orifice, as in Fig. 63, w^ill reduce the theoretical to the actual value, 
and L 5748X0.956 =1.5055 cubic feet, the actual flow f>er secondx 

In order to turn tlie value of this flow^ into horse-power, multiply 




Fio, 67— Double cone. 
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the volume by 60 (seconds in a minute) and by 6^.5 (pounds in a 
cubic foot) and by 16 (feet in height); divide the cumulative product 
by 33,000 (pounds lifted 1 foot high per minute), the quotient equals 
the gross horse-power. 

The expression will then be: 

1.5055X60X62.5X16 ^ _^ , 

^33;005 = ^-^^^ horsepower 

The realization of work from this gross power requires a further 
reduction for the inefficiency of water-wheels, motors, or turbines, 
the value of which varies from 65 to 85 per cent, of the gross power 
of the spouting stream, taking the highest coefficient for a turbine 
or Pelton wheel and multiplying by the above gross power 
0.85X2.737 = 2.326 

the actual horse-power available for work for the best form of water- 
wheels. 

THE CONTRACTED VEIN 

When a cylindrical ajutage is used, there will be a partial vacuum, 
formed between the sides of the tube and the contracted vein, as 
shown in Fig. 68. If a pipe ascending from, 
a reservoir of water is let into this part of the 
ajutage, the water will rise in the pipe; and 
if the height is not too great, the vessel may be 
emptied. 

The contracted vein is caused by the con- 
verging motion of the water entering the 
ajutage. 

ViQ. a8.--Contracted rpj^^ horse-power that may be obtaineA 

vein. , 

from the flow from an orifice or nozle, a» 

shown in Table IV, requires a deduction for the coefficient of the? 

form of the orifice or nozle (C V); tabular flow X coefficient of the? 

orifice, for the actual flow in gallons per minute which, multipliecl 

by the weight, 8.34 pounds per gallon, and by the height or heaA 

due to the pressure and the product divided by 33,000, equals th^ 

theoretical horse-power. From this a deduction must be made fo^r 

the actual power of the water-wheel. See subsequent chapter ot^ 

water motors, wheels, and turbines. 
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THE PROJKiCTGO JET 



I 
I 



A jet issuing from the side of a vessel describes, theoretical! v, a 
paraljola, precisely as in the case of a solid pix>jectile; for the im* 
pelliiig force and the force of gravity act upon the jet in tlie same 
manner, and the resultant force gives it the same direction. The 
range, or distance to which the jet is projec^ted, is greatest when the 
angle of elevation is 45*^* and is the same for elevations which are 
equally above or below 45°, as 60° and S0°, The resistance of the air* 
however, alters the results, and the statement is true only when the 
jet is projected into a vacuum » 

If a vessel filled with water have orifices made in its side at equal 
distances in a vertical line from tTic top to the bottom, a stream issuing 

from an orifice midway between the sui^ ^ 
face and the bottom will be projected H 
fartlicr than any of the streams issuing 
frum the orific^es above or bclo^v. This 
may be demonstrated by the tliagram. 
Fig. 69. Let a semicircle A F E be 
described on the side of a vessel of 
water, its diameter being equal to the 
heiglit of a hquid. The range of a jet 
issuing from cither of the orifices B, C, or D will be equal to twice H 
the length of the ordinatcs B F, C I, or D K respectively; and 
therefore jets issuing from B and D will meet at a point H 
on a level with the bottom and twice the length of the ordinates fl 
B F and D K. Now% as the ordinate C I is the greatest* the 
range of the jet issuhig from C will be gre.iter than that of any 
other jet. 

The volume of water issuing from each jet in the same time is 
proportionally as the square root of its depth from the surface. 




Fig. 69. — HorbeontzJ jgI$. 



I 



JETS AND F I R F; S T U K A M 8 



Tlie velocity of a jet at the orifice is the same at all angles from 
horis^ontal to vertical, and where the flow behind the orifice is un- 
obstructed by friction, is equal to a coefficient for the fonn of the 
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aperture multiplied by the square root of the product of twice gravity 
tDultiplied by the height in feet, for which the formtila is 

C. v^Sg X h ^ velocity in feet per second* 

The greatest range of a horissontal Jet on the floor line of a 
lank is when the orifice is placcil in the middle of the water-heiidt 
as sliown in Fig. 70, while jets from equal distances fnim ibe 
water-head and floor line \^ill meet at the floor line, a.s shown 
in the cut. 

The curved form of these ]ct% is that of a section of a parabola 
from its axi,s, which corre^sponds with the fmnt line of the tank. 

Using the terms as expresscil in Fig. t!f). for the distance tliat a jet 
will touch the horizon of the bottom of the tank, the coefficient of die 





Fig. 70.^ — Horizontal jet. 



Flo. "n,— Vertical jet 



velocity multiplied by twice the .square root of the prea^ure head h\ 
multiplied by tlie height of the centre of the orifice aljove the floor, 
A B, eqrjrds the distance from the line of the tank that tlie jet will 
strike the floor — or, using the Ix^st fonn of orifice. 



the distance* as in Fig. 70. 

For example, with h = 10 feet, h'= 1(1, then 



V^10X10-10X«X0.03-18.6 feet, 

at which point the jet touches the floor line at B. 

In the same way, usin^ the above formula, the jet from both the 
top and bottom orifices will touch the floor line at 8 feet from the front 
of the tank. 
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The quantity of water discharged by these jets will be 

^ . area in square inches , , . , . , 

coetncient X ^— r X v^crXh' = volume m cubic feet 

144 ^ ^ 

per second: as 

'/2g = 8.02 

the square root of the head in feet from the centre of the orifice to 
the surface of the water may be used X by 8.02 for facilitating com- 
putation. 

For example, taking the middle orifice in Fig. 70 at 1 inch in 
diameter, then the equation will be with the best form of orifice, 
andh' = 10 feet, 

l'''X0 7854 

0.93 X — X 8.02 X v' 10 = 0.138 of a cubic foot per second. 

144 

Let it be here understood that static height and pressure by gauge 
in pipes, tanks, and stand-pipes are convertible terms, so that, where 
gauge pressure is expressed in pounds per square inch, it should be 
multiplied by 2.3093 for its equivalent height of head in feet, and 
when head in feet is expressed, it should be multiplied by 0.433 for 
pressure in pounds per square inch. For vertical jets or fountains 
the coefficient of velocity may vary for various forms of orifice, as 
shown before, from 0.62 to 0.93 per cent, of the theoretical effect. 

Taking the best form of nozle, the formula for velocity becomes 

0.93 v'2gXh = velocity in feet per second, 

h being the height or head in feet of the source of supply, and not 
allowing for friction in intermediate pipes. 

The height of the jet may be computed from the formula 

or the square of tin* vt^locity divided by twice gravity equals the height 
of the jet. 

For example, as illustrat(»d in Fig. 71, with a head, h, of 64 feet 
and a uozle of best form, the computation becomes 



0.93 X /G4.33XG4 

the last terms of which may be multiphed together and the square 
root taken, or the square root of each member taken and multiplied. 
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which reduced =0.93X8.02X8 = 59.66, the velocity of the jet at the 
nozle in feet per second,, and 
59.662 



64.33 



= 55.32 feet, 



the height of the jet from a head of 64 feet. 

This does not include the friction in the reservoir or pipes leading 
to the nozle or orifice. By using the coefficients for various forms 
of nozle, the height of the vertical 
jet will be found to vary from 97 
per cent, to 62 per cent, of the 
whole height, or, if the jet is taken 
from water mains, the gauge pres- 
sure multiplied by 2.3093 will re- 
present the hydrostatic height to be 
used in the formulas. 

The retardation by friction of 
the atmosphere aflFects height as 
given by the formulas to a consid- 
erable degree, small jets and any 
jets under high pressure being most 
retarded by air friction, as shown 
farther on in the table of actual 
heights from Freeman's experiments. Fig. 72. — Vertical jets and fire stream. 




Table V.^Pounds Pressure TiOBT by FRimoN, in Each 100 Feftt of !2)-Incu 
Fire Hose, for Given Dlscharges of Water per Minute. 






«l 



j 



"1 



Head in lbs. per sq. in 
Head in feet 

Galls, discharged 

Rubber hose, lbs. lost. . 
Leather hose, lbs. lost. 

GaUs. discharged 

Rubber hose, lbs. lost . . 
Leather hose, lbs. lost.. 

Galls, discharsed 

Rubber hose, lbs. lost . . 
Leather hose, lbs. lost. . 

Galls, discharsed 

Rubber hose, lbs. lost . , 
Leather hose, lbs. lost. . 



Priisburk at Hose Nozle. 



46.2 



110 

4.35 

6.33 

139 

G.79 

9 05 

171 
10.28 
12.84 

207 
15 00 
18 81 



30 
69.3 



40 
92.4 



134 

6.40 

8.53 

170 
10.16 
12.71 

210 
15.64 
19.00 

253 293 
22.96 29.40 
26 39'35 01 



155 

8.40 

10.83 

196 

13.60 

16.38 

242 
20.85 
24.07 



50 
115.5 



173 
10.20 
13.10 

219 
17.05 
20.11 

271 
25.46 
30.11 

327 
40 50 
43 38 



60 
138.6 



189 
12.80 
15.34 

240 
20.59 
23.88 

297 
29.50 
35.94 

358 
48.20 
52.00 



70 
161.-; 



205 
14.80 
17.79 

259 
24.00 
27.61 

320 
39 00 
41.57 

387 
55 70 
60 40 



80 I 90 
184.8 207.9 



219 
17.00 
20.11 

277 
27.00 
31.41 

342 
43.81 
47.36 

413 
64 70 
68 59 



100 
231.0 



232 
19.20 
22.40 

294 
30 00 
35.24 

363 
49.42 
53.25 



245 
20.50 
24.83 

310 
33.00 
39.07 

383 
55.00 
59.20 



439 462 
72 00 79.26 
76.73 84.87 



n 
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FiQ. 73.— Node of best form. 



The form of norXe for fire streams has been the subject of ex- 
periment for many years, and has finally, in an exhaustive trial by 
John R. Freeman, C.E., resulted in a form probably the most perfect 

yet attained, having a coefficient 
of 0.976 for a Ij-inch nozle, and 
a trifle greater coefficient with a J 
I'ineli and |-ineh nozle of the " 
same form on the same plug pipe, 
the advantage of the smaller stream 
being due to the less velfK'ity friction between the pressure gauge at 
the foot of the butt and the nozle. 

Tills form is shown in it^ exact proportions in Fig- 73, 
The loss of pressure in standard fire hose of S^-inch diameter 
with a fairly smooth inner surface is, in experiments^ by Freeman, 
from 13 to 14 pounds per square inch for each 1(J0 feet in lengthy in 
ordinary fire service. 

TAHt.f^ VL — Horizontal and Verticai. Distance of Jettb with Vasyiihg Heads 

Ann SizEB OF NozLEa. 



1-5 

H 

PS- 



u 



'* 



« 



Head in \hn. ijersq. in. 
Head in feet. ..,...,., 

Galls, discharged. . .... 

Horizontal distance of 

Kt 

Vertical distunce of jet . 
Galls. discharjTed*. .... 
HorissoDtnl distanee of 

jet 

Vertical distance of jcL 
Galls, diitt^lmrged. ..... 

Horizontal dlstuncc of 

jet...-. 

Vertical dijitanee of jet . 
Gatls. discharged.. . . . . 

Hori^^otal distance of 

j^t ,.. 

Vcftieal distance of jet . 



PHtlAHDRE AT XoiLiK. 



mi 



no 
?o 

131 
71 

171 

73 
43 

207 

75 
44 



30 



134 

m 

170 

93 
63 

m 

63 

im 

65 



40 
0*1.4 



155 

109 

70 

196 

ns 

81 
24^ 

lis 

303 

1£4 

85 



50 
11.5.5 



173 

120 

94 

219 

132 

97 
571 

138 
90 

3«7 

140 
102 



GO 
138.6 



1&9 

142 

HIS 

14R 
112 

S07 

156 
115 

358 

166 
118 



70 
16L7 



^05 

156 
121 
350 

163 

ie5 

172 
130 

387 

184 
133 



80 

184,8 



00 
i07.» 



^10 

168 
131 

277 

175 
137 
343 

186 
142 

413 

200 
146 



2S£ 

178 
140 
304 

180 
148 
363 

198 
154 
430 

313 

158 



100 
j^I.O 

245 I 
186 1 



245 

186 
148 
310 

193 
137 

3B3 

207 
164 
402 

324 

169 




The following table gives the extreme height of fire streams for 
various pressures and water-heads, as gauged at the butt* with best 



I="IX)W FROM SUBSURFACE ORIFICKS AND NOZLES 73 

form of fire nozles of two sizes, tJie intermediate sizes being ppo- 
l>«rtional to tlieir areas, (From Freeman's experiments*) 



Taukk V1L"Extreme Height. 



Pre«ityr# Ibfl. 


Head in feet. 


Height of Hi ream. 


Hriitht of strram. 


p«r PiiUBre iocb« 


It lioitle. Fe^t. 


JK t](»)tl« FhL 


25 


57.7 


49 


51 


43 3 


too 


84.5 


m 


50 


115 5 


n S 


101.2 


^ 70 


161.0 


113.5 


131.8 


■ m.6 


tm 


147 


150.7 


^ 100 


moM 


133.4 


158.9 



The loss of pressure or water-head by friction in long hose is veiy 
serious, so that to maintain a |-ineh nos^le j**t of 100 feet in height^ 
"i^^bich would require about (10 pounds pressure if thrown from the 
engine, would require (>5 pounds with ^0 feet of rubber-lined hose; 
C9 pounds with 100 feet; 75 pounds with 200 feet; 89 pounds with 
-iOO ff*<4; and 116 piuuds with 800 fi^t. 

AVith a hmited pump pressure the height of the stream would fall m 
proportion wnth the increase in length of hose. For standard 2i-inch 
liose tlie difference in n*quired pressure for a given height is considei^ 
ably greater for nozles above J-inch diameter and less for those under 
|~inch diameter than the differences above stated, the experiments 
show^ing that for 70 pounds pressure with l|-inch nozle and 50 feet 
best mbber-lined hose an effective fire stream of 81 feet in height could 
be attained, while with ^50 feel of hose it was found to be only 61 feet* 
and with 500 feet of hose a height of only 46 fei^t could be attainedt 
The table on pages 74 and 75 will be found very convenient for 
reference as to the theoretical velocity, <liseliai^ej and horse^power 
of nozles of various sizes from 1 inch to 4 inches, antl for various 
heads from 1 foot to 1 JIOO feet. 

The first column represents the height or head of water, the second 
colunm the theoretical velocity through nozles of good form, without 
deduction for friction in pipes or flumes leading to the nozles. The 
first column under the size of nozle is the flow in cubic feet per second, 
the stecond that of the theoretical horse-power* no allowance for the 
coefficient for w^ater-wheels being made* which amounts to from 60 
to 86 per cent, of the power here given. 



I 
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Table VUl. — ^VELocrrr, Dischabge, and Hobse-foweb of Ncnbles. 



Head in 


Velocity 

per second 

in feet. 


1 inch. 


IX inches. 


2 inches. 


feet. 


Cubic ft. 


H. P. 


Cubic ft. 


H. P. 


Cubic ft. 


H.P. 


1 


8.02 


0.041 


0.004 


0.098 


0.010 


0.164 


0.018 


li 


9.83 


0.050 


0.008 


0.111 


0.019 


0.200 


0.034 


2 


11.35 


0.058 


0.013 


0.130 


0.028 


0.232 


0.052 


2i 


12.68 


0.064 


0.018 


0.145 


0.041 


0.256 


0.072 


8 


13.90 


0.069 


0.024 


0.159 


0.054 


0.284 


0.096 


Si 


15.01 


0.076 


0.030 


0.171 


0.068 


0.304 


0.120 


4 


16.05 


0.081 


0.037 


0.183 


0.083 


0.324 


0.148 


4i 


17.02 


0.086 


0.044 


0.194 


0.099 


0.344 


0.176 


5 


17.95 


0.091 


0.051 


0.205 


0.113 


0.364 


0.204 


6 


19.66 


0.100 


0.068 


0.224 


0.153 


0.400 


0.272 


7 


21.23 


0.108 


0.086 


0.242 


0.193 


0.432 


0.344 


8 


22.70 


0.116 


0.104 


0.260 


0.252 


0.464 


0.416 


10 


25.38 


0.129 


0.146 


0.290 


0.329 


0.516 


0.684 


12i 


28.37 


0.144 


0.204 


0.824 


0.460 


0.576 


0.816 


15 


31.08 


0.158 


0.269 


0.365 


0.505 


0.632 


1.08 


17i 


33.57 


0.170 


0.339 


0.383 


0.782 


0.680 


1.36 


20 


35.89 


0.182 


0.414 


0.410 


0.931 


0.728 


1.66 


2^ 


38.07 


0.193 


0.494 


0.435 


1.11 


0.772 


1.98 


25 


40.13 


0.204 


0.578 


0.458 


1.30 


0.816 


2.31 


27i 


42.08 


0.213 


0.667 


0.480 


1.50 


0.852 


2.67 


30 


43.95 


0.228 


0.760 


0.513 


1.71 


0.912 


8.04 


32i 


45.75 


0.232 


0.857 


0.522 


1.93 


0.928 


8.43 


85 


47.47 


0.241 


0.958 


0.542 


2.16 


0.964 


8.83 


40 


50.75 


0.257 


1.17 


0.579 


2.63 


1.03 


4.68 


45 


53.83 


0.273 


1.40 


0.614 


3.14 


1.09 


6.60 


50 


56.75 


0.288 


1.64 


0.648 


3.68 


1.15 


6.66 


60 


62.16 


0.315 


2.15 


0.709 


4.84 


1.20 


8.60 


70 


67.14 


0.341 


2.71 


0.766 


6.10 


1.36 


10.8 


80 


71.78 


0.364 


3.31 


0.819 


7.45 


1.46 


13.2 


90 


76.13 


0.386 


3.95 


0.864 


8.88 


1.54 


16.8 


100 


80.25 


0.407 


4.63 


0.916 


10.4 


1.63 


18.6 


125 


89.72 


0.455 


6.47 


1.02 


14.1 


1.82 


26.8 


150 


98.28 


0.499 


8.60 


1.12 


19.1 


2.00 


34.0 


175 


106.1 


0.539 


10.7 


1.21 


24.0 


2.16 


42.8 


200 


113.5 


0.576 


13.1 


1.29 


29.4 


2.30 


62.4 


250 


127.1 


644 


18.3 


1.45 


41.1 


2.58 


73.2 


300 


139.0 


0.705 


24.0 


1.59 


54.0 


2.82 


96.9 


350 


150.1 


0.762 


30.3 


1.71 


68.1 


3.05 


121.0 


400 


160.5 


0.814 


37.0 


1.83 


83.2 


3.26 


148.0 


450 


170.2 


0.864 


44.2 


1.94 


99.3 


3.46 


176.0 


500 


179.4 


0.910 


51.7 


2.05 


116.0 


3.64 


206.0 


550 


188.2 


955 


39.7 


2.10 


134.0 


3.82 


238.0 


600 


196.6 


0.999 


68.0 


2.23 


152.0 


3 99 


272.0 


700 


212.3 


1.0(> 


85.7 


2.46 


192 


4.36 


342.0 


800 


226.9 


1.15 


104.7 


2.58 


2^5.0 


4.60 


418.0 


900 


240.7 


1.22 


124.9 


2.75 


281.0 


4.88 


499.0 


1000 


253.8 


1.29 


146.2 


2.89 


329.0 


5.16 


684.0 



:F"L0W from subsurface orifices and NOZLES 75 



Table Wl.— Continued. 



Head 


Velocity 


2)i inches. 


3 inches. 


3H inches. 


4 inches. 


in 


second 


















in 
feet. 




















in feet. 


Cu. ft. 


H.P. 


Cu. ft. 


H.P. 


Cu.ft. 


HP. 


Cu. ft. 


HP. 


1 


8.02 


0.255 


0.029 


0.372 


' 0.040 


0.50 


0.056 


0.656 


0.072 


1} 


9.88 


0.312 


0.053 


0.444 


0.076 


0.61 


0.105 


0.800 


0.136 


2 


11.35 


0.360 


0.082 


0.520 


0.116 


0.70 


0.160 


0.928 


0.208 


2i 


12.68 


0.402 


0.114 


0.589 


0.164 


0.79 


224 


1.02 


0.288 


8 


18.90 


0.440 


0.150 


0.636 


0.216 


0.86 


0.295 


1.14 


0.384 


^ 


15.01 


0.475 


0.189 


0.684 


0.272 


0.94 


0.370 


1 22 


0.480 


4 


16.05 


0.507 


0.231 


0.742 


0.332 


1.02 


0.452 


1.30 


592 


4i 


17.02 


0.540 


0.275 


0.776 


0.396 


1.06 


0.540 


1.38 


0.704 


5 


17.95 


0.567 


0.315 


0.820 


0.452 


1.11 


0.600 


1 46 


0.816 


6 


19.66 


0.622 


0.425 


0.896 


0.612 


1.22 


0.833 


1.60 


1.09 


7 


21.23 


0.672 


535 


0.968 


0.772 


1.32 


1.05 


1.73 


1.38 


8 


22.70 


0.720 


0.656 


1.04 


0.928 


1.40 


1.28 


1.85 


1.66 


10 


25.88 


0.805 


0.915 


1.16 


1.32 


1.57 


1.79 


2.16 


2.34 


12i 


28.37 


0.897 


1.28 


1.30 


1.84 


1.76 


2.50 


2.30 


3.46 


15 


31.08 


0.985 


1.68 


1.42 


2.42 


1.93 


3.29 


2.53 


4.32 


17i 


83.57 


1.06 


2.11 


1.53 


3.13 


2.08 


4.20 


2.72 


5.44 


«0 


85.89 


1.14 


2.58 


1.63 


3.72 


2.23 


5.07 


2.91 


6.64 


«2i 


88.07 


1.21 


3.08 


1.74 


4.44 


2.36 


6.05 


3.09 


7 92 


«5 


40.13 


1.27 


3.61 


1.83 


5.20 


2.54 


7.08 


3.26 


9 24 


«7i 


42.08 


1.33 


4.17 


1.92 


6.00 


2.61 


8.17 


3.41 


10.68 


80 


48.95 


1.42 


4.75 


2 05 


6.84 


2.70 


9.31 


3 65 


12.16 


8«i 


45.75 


1.45 


5.35 


2 09 


7.72 


2.84 


10 50 


3.71 


13.72 


S5 


47.47 


1.51 


5.98 


2.17 


8.60 


2 95 


11.71 


3.86 


15.32 


40 


50.75 


1.61 


7.31 


2.32 


10.52 


3 15 


14.33 


4.12 


18.72 


45 


58.83 


1.71 


8.23 


2.46 


12 56 


3.34 


17.10 


4.36 


22 40 


50 


56.75 


1.79 


10.2 


2.59 


14.72 


3 52 


20.03 


4 60 


26.24 


60 


62.16 


1 97 


13.4 


2.84 


19 36 


3.80 


26.32 


5 04 


34.40 


70 


67.14 


2.13 


16.9 


3.06 


24.40 


4.17 


33 17 


5.42 


43 36 


80 


71.78 


2.27 


20.6 


3.28 


29.80 


4.46 


40 55 


5.84 


52.96 


90 


76.13 


2 44 


24.6 


3.46 


85 52 


4.73 


48.37 


6.16 


63.20 


100 


80.25 


2 54 


28.9 


3.66 


41.64 


4.98 


56.67 


6.52 


74.08 


125 


89.72 


2.84 


40.4 


4.08 


58.20 


5.57 


79.20 


7.28 


103.5 


150 


98.28 


3.11 


53.1 


4.48 


76.48 


6.10 


104.1 


8.00 


136.0 


175 


106.1 


3.36 


66.8 


4.84 


96.28 


6.60 


131.5 


8.04 


171.2 


«00 


113.5 


3.59 


81.7 


5.10 


117.7 


7.06 


160.2 


9.20 


219.6 


250 


127.1 


4.02 


114.0 


5.87 


104.5 


7.88 


223.9 


10.3 


292.8 


800 


139.0 


4.40 


150.0 


6.36 


216.3 


8 63 


294.3 


11.2 


284.0 


850 


150 1 


4.76 


189.0 


6.84 


272.6 


9.33 


371.2 


12.2 


484.8 


400 


160.5 


5.09 


231.0 


7.30 


323.0 


9.97 


453.2 


13.0 


592.0 


450 


170.2 


5 40 


276.0 


7.76 


397 4 


10 5 


541.0 


13.8 


707.0 


500 


179.4 


5.69 


323.0 


8.20 


466.0 


11.1 


627.0 


14 5 


827.2 


550 


188.2 


5.96 


372.0 


8 40 


536 8 


11.6 


731.0 


15 2 


955.2 


«00 


196.6 


6.23 


475.0 


8 92 


611.0 


12.2 


832.7 


16.9 


1088.0 


700 


212.3 


6.79 


535.0 


9 84 


771.2 


13.3 


1051 


17 4 


1371 


800 


226.9 


7.19 


654.0 


10.3 


942.0 


14 1 


1282 


18 4 


1675.0 


900 


240.7 


7 63 


780.0 


11.0 


1124.0 


14 9 


1530 


19.5 


1998.0 


1000 


253.8 


8.04 


914.0 


11.5 


1316.0 


15 7 


1791 


•^0.6 


2339.0 
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MEASUREMENT OF FI-OW OVER WEIRS 

The method of weir measurement is more suitable for small and 
rapid streams, mountain torrents and springs. 

For this purpose a mugh estimate of the size of the weir must be 
made to enable you to make it ample to pa.s.s the whole stream. A 
small weir may be made by a siniple rectaugidar notch in a board, 
wliich for convenience of meaisurcment may be 8 to 10 times wider 
than the depth. Bevel the edge of the notch toward the downstream 
side of the weir, as shown in Fig, 74, 

Set it across the stream so that the bottom of the notch shall be 
level; holding the board in position by stakes or stones, and packing 




Fjo. 74*— Weir txMud. 



I 



the under side and ends with any convenient material — as gravel or" 
sandman d tightening by a layer of loam. 

Drive a slender stake at A, Fig, 75, 2 or 3 feet upstream from the 
weir, and on one side of the notch, so that the top» B, shall be exactly 
level with the top of the weir hoard at C, The filling at the back 
shouhl be kept a few inches below the spill at D, Fig. 75, to prevent 
obstruction or friction of the water as it approaches the spill. 

When the stream pours over the weir, and the height at the stake 
E, Fig, 75, becomes stationar)% measure the distance from the top 
of the stake at B to the surface of the water at E, and subtract it 
from the full depth of the notch C D. This will give the true depth 
of the spill. 

As the slope of the water surface over the weir increases witli the 
depth, caused by the velocitj' increasing as tlie water approaches the 
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spill, it makes a direct nieasuremeot at the spill an uncertain ex- 
ponent in the computation of volume; hence the nect^ssity of level- 
ling back to a 8take in cc)mparativc!y quiet water. 

The levelling may he dune with a car|x^nter's level on a straight 
edge, or by a water-level, us befare described. 

The difference l>etween the actual depth at the spill and the 
properly measured depth a.s above may vary from 0.!) to 0,75 of the 
stake measure. 

A ooefRcient of correction for the slope and friction must be used 
which by experiment has been found to var>^ from 0.(>3 for 1 inch 
in depth to O.o8 for 24 inches in depth, so that, for all ordinarv pur- 




Fio. t5. — Stream profile. 



poses, the o^iefficient C rnay l>e taken at 0.(*. Then the equation for 
volume in cubic feet per second is 



For example, with a weir 6 inches deep, h, and 4 feet wide, ft, the 
equation becomes when applied: 



The square foot of the last term 



Then 



0.6 X-X4'X 0.5X5,67 -4.530 



cubic feet discharge per second. For the convenience of a more 
direct or easier computation, we give the folJomng approximate 
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table of depths in inches and decimals, with the corresponding depF^^" 
in decimals of a foot, for depths up to one foot; which gives a clo^=^^^ 
approximation for the flow in cubic feet per second, by simply mul*^^^^' 
plying the width of the weir in feet and decimals of a foot by the c^^^^ * 
efficient opposite to the measured depth of the weir as before describe^^^ • 

Any measures between the depths given may be interpolated pro- 

portionately in all the columns. For example, with a weir as before ^s^» 
4 feet wide by 6 inches deep, in the table opposite to 6 inches, oxi "" 
0.5 of a foot, will be found 1.1295, which, multiplied by 4 feet, equal ^^^ 
4.518 cubic feet per second, which is near enough to the figures froncx 
the equation for all practical purposes: 



Table IX. — ^Weir Table for One Foot in Width and for Depths up to 

One Foot. 







Flow in cubic 


! 




Flow in cubic 


Depth inches 


Depth deci- 


feet per second 


Depth inches 


Depth deci- 


feet per seconcJ. 


and tenths. 


mals of a foot. 


for one foot 
in width. 


and tenths. 


mals of a foot. 


for one foot 
in width. 


0.4 


0.0333 


0.01365 


3.2 


0.2666 


0.44480 


0.6 


0.0495 


0.03408 


3 6 


0.2995 


0.53795 


0.8 


0.0666 


0.05452 


4.0 


0.3333 


0.63111 


1.0 


0.0833 


0.08022 


5.0 


0.4165 


0.88030 


1.2 


0.100 


0.10592 


6.0 


5 


1.12950 


1.4 


0.1165 


0.13012 


7.0 


583 


1.43795 


1.6 


0.1333 


0.16616 


8.0 


0.666 


1.74640 


2.0 


0.1666 


0.22893 


10.0 


0.833 


2.40040 


2.4 


0.200 


0.29171 


11.0 


0.9166 


2.76770 


2.8 


0.2333 


0.36825 


12.0 


1.000 


3.13500 


8.0 


0.2498 


0.40653 









For further convenience we give the following weir table of 
larger scope than the one computed from the formula, which also 
gives a slightly larger volume, arising from the use of formulas for a 
different line of experiments, but near enough for all ordinary purposes. 

It is arranged for depths of \ inch to 24 inches, and for a width 
of 1 inch; so that simply multiplying the quantity in the table at the 
junction of the unit and fractional part of an inch by the width of the 
spill in inches will give a near approximation to the volume or flow 
per minute. 

In using this table of volume for computing the horse-power of a 
stream, 33,000 should be used as a divisor in the formula, which 
becomes : 
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Cubic feet per minute X 62.5 lbs. X height in feet divided b^^^ 
33,000 = the gross horse-power of the stream. 

From this quotient, 20 per cent, should be deducted for th^^=? 
available power that can be obtained by the best turbines and water- 
wheels, although 85 per cent, is claimed by some makers. 



THE MINER S INCH 

A miner's inch is the measure of water established in the earljr 
days of hydraulic mining, and may be defined to be the quantity of 

water that \^'ill flow from a square- 
orifice in the side of a flume, 1 inch 
in diameter, through a 2-inch plank, 
the centre of the orifice being 6j 
inches below the surface of the 
watre or a 6j-inch head. 

The ratio or coefficient of ac- 
tual to theoretical discharge varies 
somewhat in the trials of experi- 
menters, from 0.623 to 0.616, so that 
the actual flow may be from the 
Fig. 76.— The miner's inch. rule for one miner's inch, Fig. 76. 




RULE 



Area in decimals of a square foot X coefficient X square root of 
twice gravity X square root of height in feet, or 



AxCXV^^gXh 



or 



0.006944 X 0.623 X 8.02 X 



y 12 



0255 cubic foot per second, and 



0.0255X60" =1.53 cubic feet per minute = a miner's inch of water. 

The miner's inch varies in quantity in various districts of California 
and other mining States; the method of testing its measured flow 
also varies greatly from the plan illustrated in Fig. 76 to apertures 
larger than 1 square inch, long sluices and weirs, all of which give 
variable results. 

See chapter on Irrigation. 




FLOW FROM SUBSURFACE ORIWCES 

The actual value or flow seems to varj^ considerably at various 
elevations, and values are quoted at from L25 to L75 cubic feet per 
*«iinute for actual discharge, the less in quantity for the greater height* 

From experiments with exact measmt^mcnts of orifice, height, 
^ime and flow at moderate elevations in California, tlie mean flow 
«z*f a miners inch was found to be 1.5744 cubic feet per minute^ with 

I^ri ajscertained eoeffieient of 0.616. 
The variation of water-level in flumes make^ a uniform flow some- 
•"^^'hat difficult of control, and a resort to gates regulated l>y floats is 
3iiade w^here uniform flow h required. 
The availaltle hyrse-p*>wer, from one itr any numlur of miner'n 
inches, may be readily computed by multi|jlyirig the number of 
■ inlners inches by their volume per minute (U5744 X number of inches), 
^nd by the weight of a cubic foot of water ((>'2.:>), anrl by the fall in feet 
that can be obtained, dividing the lost product by 3iJ,tM>U, wliicli 
gives the value of the horse-power of the water. From this a deduc- 
tion of 50 per cent, should be made for the loss by transmisNion of the 
Ipow*er thmugh the motor, which is also a varial»le and is the mean of 
vari()us kinds ranging in efliciency from 75 to 8o pi^r eent. 
The most approved fonns of turl>in^ and impact wheels are 
found to yield from 80 to 86 per cent, of the primary power of the 
water* 
Thus as an example: For lUO miner's inches and a fall of 100 feet, 
the figures of the equation become 

100X1.5744X6^.5X100 = ^/*^*' =29.B h,*p. 

and t9.S less W per cent. =2*1.84 available horse-power. 




CHAPTER V 

FIX3W OF AVATER IN PIPES 

While the theoretical flow of water thro ugh l ong pipes depends 
mainly upon the fundamental formula of -v/jig h, the friction of the 
water upon the walls of the pii>e, its length and diameter, as well also 
as some other eimditions, such as foulness of the walls by fixed rust 
nodules or silt, n*quire a coefficient varying with its velocity and the 
diameter of the pipe which is assignable for clean, smooth surfaces, 
but for obstructions can l>e estimated only from some known general 
condition of the interior surface. 

The laws in relation to the flow may be briefly summed up as 
follows: 

1. The loss In friction is proportional to the length of the pipe, 
with equal veWities. 

^. The friction increases nearly as the square of the velocity. 

3. The friction decreases with the increase of diameter of the pipe, 
for a given length. 

4. It increases with the n>ughness of the interior surface. 

5. It is inilependent of the pressure. 

6. In woollen pipes the friction is 1.75 greater than in metal 

P»l^ 

In order to utilize the full flow of water through pipes by gravity 

or pressure, the entering enil should be bell-mouthed or curved 

out in a long cone, 8 or 10 times the iliameter of the pipe in length, 

the end of the cone or bell being no larger tluin twice the area of the 

P«l^^ 

From the variety of foniiulas on water-flow friction by different 
ex[^>erimenters, we have selecteil those giving average resuhs. 

With oUnin. >m<x>th pipe, the c\>efficient c, namevi also the friction 
factor, /, varies inversely with the velocity and size of the pipe as 
shown by inspection of Table XI. 

To determine the loss of head in feet or in pounds pressure, we 

5ti 
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.1..V2 



have the formula f -j >^^-=h', loss of head in feet, which multiplied 

by .433 equals the loss in pounds pressure. 

For example, length 1,000 feet, diameter 6 inches, velocity 4 feet 
per second; we find in Table XI, for a velocity of 4 feet and .5 foot 
diameter, that the friction factor is .022. Then, 



^^^ 1000 
.022X-— X 



16 



= 10.94 feet loss of head by friction. 



.5 64.32 

A further deduction must also be made for the form of the entrance 
to the pipe, which if bell shape of best form may be no more than 2 
per cent. ; while with a straight end flush with the walls of the reservoir 
18 per cent., and with the end of the pipe projecting into the reservoir 
SLS much as 25 per cent, must be added to the above loss of head. 

Table XI. — Friction Factors for Veloctty of Flow and Size of 1*ipe. 



Diameter 

in 

feet. 



Vklocity in Fekt per Skconi). 



0.1 


.038 


«5 


.034 


0.50 


.0^ 


0.75 


.046 


1.00 


.0«5 


1.25 


.024 


1.50 


.023 


1.75 


.022 


2.00 


.021 


2.50 


.020 


3.00 


.019 


3.50 


.018 


4.00 


.017 



2 


3 


4 


^> 


10 


.032 


.030 


.028 


.026 


.024 


.028 


.026 


.02.5 


.024 


.022 


.026 


.025 


.023 


.022 


.020 


.025 


.024 


.022 


.021 


.019 


.024 


.023 


.022 


.020 


.018 


.023 


.022 


.021 


019 


.017 


.022 


.021 


.020 


.018 


.016 


.021 


.020 


.018 


.017 


.015 


.020 


.019 


.017 


.016 


.014 


.019 


.018 


.016 


.015 


.013 


.018 


.016 


.015 


.014 


.013 


.017 


.016 


.014 


.013 


.012 


.016 


.015 


.013 


.012 


.012 



15 



.023 
.021 
.019 
.018 
.017 
.016 
.015 
.014 
.013 
.012 
.012 
Oil 
.011 



v/ 



A general formula for the velocity in feet per second is, 

~ fch 

r = velocity; in which f may l)e taken as a mean factor of 

l-|-.5f, 



.02 and finally corrected from the value of f, due to the approximate 

value in the formula, as shown in Table XL Then taking the last 

example of 1,000 feet of 6-inch pipe with an assumed head of 16^ 

feet, we have, 

1061.28 /Tiz-x , ^, ., . . 

y 17.7 = 4.'21, tlie approximate ve- 



^/ 



64.3gX16 ^ 

1000 ' 



1 + .5X.02X 



60 



.5 
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locity. The factor f for near this velocity in the table is .023, the ti 
ooe for the above formula. The coefficient for the loss of head at 
entrance of a long pipe due to the contracted vein when the end 

(1 \ V2 

Tr:^ — h I ;.— » which for" * 
.822 / 2g 

computed velocity of 4 feet per second = .121, which should be add^^^^ 
to the friction loss, and as in the first case 10.94 + .12 = 11.06 fe*^^^» 
total loss of head. 

The volume of flow through long pipes varies slightly by tt"-* 
formulas of different experimenters; from the velocity flow as abo^^^^* 
the area of the pipe of 6-inch diameter is .19635X4.21 =.826 cub^i ^ 
foot per second. 

By the experiments of D'Arcj' and others, for gravity' flow i'^^ 
pipes, the velocity may hv obtained from the formula C -v/r V^slof::^^ 
in which the constant C is variable with the size of the pipe; -\/r ==*^ 

square root of the hydraulic radius or A/ ^^^^ ^^ and the slope ===** 

head „ . . . 

, -y all m feet. 

length 

The coefficients in the D'Arcy formula may be taken at 92 fo^^ 
sizes less than 6-inch diameter; 93 for 6 inches; 94 for 2 feet, an^^' 
95 for 4 feet. 

Examples with a head of 16 V feet and 1,000 feet in length the-^ 

slope is 77^7: = -^^1^5 •'*"<' -v/.oT 65 = .128. Then for a 6-inch pipe 

v: 



we have ' = \/. 125 = .3535. 
4 

The formula may then be stated as, 93 X. 3535 X. 128 = 4.20 feet 

velocity per sect>nd; and the velocity, 4.20 X area (.19635) = .82467 

cubic fi*et per second. 

/dMi 
From a formula by Eytelwein A/ — t— X 4.71= volume in cubic 

feet per minute; by which the square root of the fifth power of the 
diameter of the pipe in inches, multiplied by the factor 4.71, is made a 
tabular number for pipe sizes from \ inch to 48 inches in Table XIII, 

which requires only \/ -r- as the divisor of the tabular number for 
the discharge in cubic feet per minute. 
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L OS B OF HEAD BY B E N D B AND E I. B O W 8 



The loss of head by long bends, say of a radius of 10 diameters or 
[lore, is very small and practically needs no consideration. The loss 
if head* however, like pip^ friction, increase:* as the square of the 
trelcx'ity. The furmula nf Wcisbach gives approximate values for 
tihc head requirtni to ijverconic the frictiiin in hencLs an<l dhows. 




131 + L847 



(tr)j''^g- 



friction bead of bend or elbow, in 



^vhich a = angle of curve, d = diameter of pipe, r = radius of curve, h = 
height or ht^ad, all in feet* 

I The folknving tai)le comprises the values of the bracketed terms 
—— 



Table XII. — Coeffici^nt» of Cubv^. 



I 



± 


1 A 


m' 


.u 


.14.1 


J 


^m 


^e 


44 


.75 


.806 


9 1 408 


15 


.133 


s 


.UH 


.4:> 


^u 


1 m 


.54 


.3 


wn 


M I mi 


%f 


I '^ 


.m^ 


.as 


AlH 


.5 


,tu 


.7 


.m 


.85 


1.177 


1 (K) 1.979 



Then for a 90° bend of ^-ineh pipe with a radiu.s of 10 inches^ 
Tj- = ,1 and in e<ilumn ^ opptisite -I h the eoeffieient sought* .131. 

Then — -;X.131X^^ Uie friction head of the bend m feet. 

Imr ^g 

For a veloeitv of 4 feet per second, for example, - - X .131 X- — — — 



With an ordinar}^ cast-iron ellK>w with 



= - = 1 . and in the 



table oppisite to 1. is 1.978; then as before- .5x L978X. 448^.^452 
of a foot. With a return hc^nd this may l>e doubled and in a stack 
as in a return l>end etnl the friction may be manifold the above 
amount. 

In Figs. 77 and 78 are illustrated the conditions for the following 
fomuda and table in which the height is the vertical elevation of the 
surface of the water in the reservoir or pond above the point of 



IkL. 



86 



HYDRAUUC ENGIXEERIXG 



discharge, and the length of pipe along its line; not the horizont^^l 
difstance. 

This apparently simple formula for the flow of water through lorm^ 
pipes may l>e expressed thus 



V, 



d«h 



X 4.71= volume in cubic feet per minute; where d is tfc»^ 

length ^ 

internal diameter of the pipe in inches, raL^ to its fifth power, ^^' 




t^'/M'IWr^l 



Fig. 77. — Head and straight pipe. 



multiplied 4 times upon itself and its sums. Thus the fifth pow« 
of 2 is 2X2 = 4X2 = SX« = 16X^ = 3!2. The fifth power of 3 muli 
plied in the same manner is 343. h is the head or height of wate 
supply above the orifice; / is the total length of the pipe; and 4. 





Fk;. 78. — Height and length of j)ii)es. 

is a c<M*ffi('icnt applicable to the vanning conditions of the square root- 
of the other terms of the ccjuation. 

The s(j\iare roots for all numbers up to 1,(>00, with a simple rule 
for any nunib(T higher, and for decimals, may be obtained from 
Haswell's or K(*nt's engineers' pocket-books. 
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For example: What will be the flow from a 2-mch pipe 1,000 
feet long, with a fall of 25 feet? The formula will then be: 



V 



«5X25 
1000 



X 4.71= volume in cubic feet per minute. 



The fifth power of 2 is 32X25 = 



800 
1000 



=0.8 and square root of 



0.8 is 0.894X4.71=4.21 cubic feet per minute, and 4.21X7j=31.57 
gallons per minute. 



Table XUI. — Containing the Equivalent of the Square Root of the Fifth 
Power by Inversion of the Other Terms for Ordinary Sizes of Iron 
Pipe from J Inch to 48 Inches in Diameter. This Rfx^uires Only the 
Factors of Head and liENOTH of Pipe, with the Tabular Number for 
Size, to Complete the Equation for a Discharge of Cubic Feet per Minute 
for Round Tubes. 



Diameter 


Tabular 


, Diameter 


Tabular 


Diameter 


Tabular 


inches. 


number. 


; inches. 

1 


number. 


inches. 


number. 


y2 


0.83 


*}^ 


194.84 


20 


8,449.0 


H 


2.29 


5 


263.87 


22 


10,722.0 


1 


4.71 


1 6 


416.54 


24 


13,328.0 


i^ 


8.48 


1 8 


854.99 


26 


16,278.0 


13.02 


10 


1,493.5 


28 


19,592.0 


2 ^ 


26 69 


1 ^^ 


2,356.0 


30 


23,282.0 


2J^ 


46 67 


1-* 


3,463.3 


36 


36,725.0 


3 


73.55 


15 


4,115.9 


42 


53,995.0 


^'A 


108.14 


16 


4,836.9 


48 


75,392.0 


4 


151.02 


18 


6,493 1 ! 







The quantities in the table, oppo.site the sizes of pipe, represent 
"^lie square root of the fifth power of the diameter of the pipe in inches, 
^^ultipHed by 4.71 from Eytehvein's formula. 

By the use of this table the more simple formula of 
Tabular number 



V\ 



^Lenfii;h of pipe , . i . j? ^ • . 

_ -^ — - '. '- = volume in cubic feet per minute. 
Head or height 

Take the terms of the last example for a 2-inch pipe, the tabular 

number for a 2-inch pipe is 26.69. The equation then becomes 

26.69 

1000 

25 ' ' 25 

feet per minute. 



V- 



1000 , /— , 26.69 

then -;;^ = 40 and V 40 = 6.324, and ;r^^ = 4.22 cubic 
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For the velocity of flow in pipes, where the area and quantity a^M — -* 
both known, the simple equation is 

Volume in cubic feet 
. ^ _ or 

Area m square feet 

Volume in cubic feet XI 44 square inches per foot 
Area m square mches 

V X 1 44 
D2~X0 78.-^ '"^^'"^^*>' ^" ^^^^ P^^ minute. 

When D is the diameter in inches and V is the volume in cubic fe^*^ 
per minute, or if in gallons, divided by 7.48 for cubic feet. 

Again, taking the preceding example of a 2-inch pipe discharging' 
4.22 cubic feet per minute, 

4.22X144 

- --— = 193.34 feet per minute velocity. 

If the diameter of the pipe is given in feet and decimals of a foot ^^ 
the equation l)ecomes simply 

D-X(r7854"'^^''^'*^ ^" ^^^'* P**^ minute. 

Gate valves should be used wherever greatest efficiency of flow i^ 
required. The entrance heads of all pipes, especially where thcr- 
largest efficiency is required, as for power purposes, should have a long' 
bell mouth, and, if possible, with an increasing curve, for the purpose- 
of avoiding the loss by the contracted vein at entrance head. This 
may be no longer than from 6 to 10 times the diameter of the pipe. 
For entrance heads at springs and reservoirs, the bell mouth may be 
made of galvanized sheet iron, and neatly inserted in the socket of 
the wrought-iron pipe. For cast iron, they are made under the name 
of reducing pieces, with the small end to fit the socket end of the cast- 
iron pipe. 

The following table, showing the computed loss of head by friction 
in pipes from 1 to 14 inches in diameter, and for a length of 100 feet, 
will be found very convenient, the loss of head being proportionable 
for any multiple of 100 feet, friction being in proportion to the water 
surface of the pipe, also the discharge in cubic feet for diflFerent 
velocities, and the velocity of a given discharge for various size pipes 
from 1 inch to 14 inches in diameter: 
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Xable XVI. — Friction Lobs in Pounds Pressure for Larger Pipe and Flow 
THAN IN the Preceding Tables, for Each 100 Feet in I^ength. 



Galls, 
per 










Size or 


Pipes. 












3 


4 


6 


8 


10 

0.09 
0.14 
0.18 
0.22 
0.27 
0.82 
0.49 
0.70 
1.23 


12 


14 


16 


18 


20 


24 


30 


500 


30.8 


7.43 

9.54 

14.32 


0.96 
1.41 
1.89 
2.38 
2.60 
3.88 


0.25 
0.38 
0.47 
0.61 
0.78 
0.94 
1.46 
2.09 


0.04 
0.07 
0.08 
0.09 
0.11 
0.13 
0.20 
0.29 
0.49 
77 
1.11 


.017 
.026 
.034 
.045 
.055 
.062 
.091 
.135 
.234 
.362 
.515 
.697 
.910 


.009 
.014 
.017 
.023 
.028 
.036 
.049 
.071 
.123 
.188 
.267 
.365 
.472 
.593 
730 


.005 
.007 
.010 
.012 
.015 
.020 
.028 
.040 
.071 
, .107 
.150 
.204 
.263 
.333 
.408 








600 








700 


.002 
.004 
.008 
.012 
.021 
.030 
.042 
.064 
.091 
.124 
.158 
.189 
.244 






800 






900 






.001 
.005 
.009 
.014 
.020 
.032 
.047 
. 055 
.067 
.082 
.102 




1,000 






.002 


1,250 






.003 


1,500 








004 


2,000 








.006 


2,500 










.009 


3,000 












.012 


3,500 












.016 


4,000 






1 






022 


4.500 






1 






.027 


5,000 






1 








.035 





















Table XVII. — Loss of Head by Friction of Water in Large Pipes at Veloci- 

TIB8 FROM 1 to 30 FeET PER SeCOND. CaIX^ULATED FOR PiPES 100 FeET LoNG. 



1^ 




Inside Diametkr or Pipe in Inches. 


• 




15 


16 


17 


18 


20 




111 


hi 

ox.g 




1-1 


1«^ 




h 


Hi 






II 




n- 


^U 




^11 


& ^-2 


^B 


Ii:s 


^21 




m 


|8g 


ih 


1^' 


ili 


.|Ei 


lis 

2: -^ 


111 


ili 


J 


73.58 


.039 


83.68 


.037 


94.56 


.035 


106.00 


.033 


130.87 


.029 


2 


147.16 


.132 


167.36 


.123 


189.12 


.116 


212.00 


.110 


261.74 


.099 


3 


220.74 


.272 


251.04 


.255 


283.68 


.239 


318.00 


.225 


392.61 


.204 


4 


294.32 


.457 


3^.72 


.428 


378.24 


.403 


424.00 


.380 


523.48 


.843 


5 


367.90 


.683 


418.40 


.640 


472.80 .601 


530.00 


.570 


654 35 


.515 


6 


441.48 


.957 


502.08 


.895 


567.36 .841 


.636.00 


795 


785 22 


.715 


7 


515.07 


1.27 


585.76 


1.19 


661.92 1.12 


742.00 


1.06 


916.09 


.950 


8 


588.66 


1.63 


669.45 


1.53 


756.48 1.44 


848.00 


1.36 


1,046.96 


1.23 


9 


662.25 


2.02 


753.14 


1.89 


851.04 1.78 


954 00 


1.68 


1,177 83 


1.51 


10 


735.84 


2.46 


836.83 


2.31 


945 60 2.18 


1.060 00 


2.06 


1,308.70 


1 85 


11 


809.43 


2.94 


920.52 2.76 


1,040.16 2 59 


1,166 00 


2.45 


1,439.57 


2 21 


12 


888.02 


8.46 


1,004.213.24 


1,134.72 3.05 


1,272.00 


2.89 


1,570.44 


2 59 


13 


956.60 


4.02 


1,087.90 3 77 


1,229. 28'3. 55 


1.378.00 


3.35 


1,701.31 


3 02 


14 


1,030.18 


4.62 


1,171.59 4 33 


1,323. 84'4. 08 


1,484.00 


3.86 


1,832.18 


3 47 


15 


1,108.77 


5.26 


1,255.28 4.93 


1,418.404.65 


1,590.00 


4.38 


1.963.05 


3.95 


16 


1,177.86 


5.94 


1,338.9615.58 


1,. 512. 96,5. 25 


1,696.00 


4.96 


2.093.92 


4.46 


17 


1,250.95 


6.67 


1,422 6416 25 


1,607.52 


5.88 


1,802 00 


5 .55 


2,224.79 


5 00 


18 


1,324.54 


7.43 


1.506 32l6 97 


1,702.08 


6 55 


1,908.00 


6.19 


2,355.66 


5.57 


19 


1,398.13 


8.22 


1,590 (M) 7.71 


1,796 64 


7 26 


2,014 00 


6.86 


2,486.53 


6.17 


20 


1,471.72 


9.06 


1,673 ()S 


S 50 


1.891 20 


8.(X) 


2.120 (X) 


7 56 


2,617 40 


6 80 
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THE MEAaUREMKKT OF WATER FLOWING IN PIPES 



T H K V S N T ir R I M K T E R 



Fig. 79.^Venturi meter. 



The pritieiple of action of the Venturi meter is founded on the 
well-knuwn pnj[>erly of a Venluri tube to exercise a sucking action 
thrrmgh ho I as btjre<l into its narrowest section, Tlie const ruction of 
the meter, as shown by the accompanying cut, is merely a contraction 
of the main pipe, to which two 
ordinary pressure gauges are 
coimected — one at any con\'c- 
nient piint before contraction 
of pijie begins; the other at S~ 
the smallest section. When any / 
flow in the pij^e occurs the 
pressure on thrtiat gauge will 
fall, if the flow becomes snflfi- 

cicntly rapid, all pn^ssure at the throat may disappear and a 
raruiim obtain. The other gauge, however, will ctwitinne to indicate 
Uie pressure due to tiie supply. By matliematical calculation and 
experimental ctrnfirmatirm, n tormula, based on the diflferc^nt pressures 
on the gauges, hns hvvxt obtained, which accurately indicates the 
velocity of flow through the throat of the meter. An ordinar)' self- 

recording differential gauge may 
he used to obtain a diagram of 
tlK\sc variations in pressure, from 
which both tlte velocity at any 
givt^n iime^ and the total quantity 
passed in any interval* may l>e 
read i ly det e rm i n ed » 

Another form of Venturi meter 
is in use by means of pihit tul>es 
with open mouths within the Ven- 
turi tube and connected through a 
registering water-meter: Fig, 80. 
The differential vekwity of the 
water in the main pipe and in I he throat of the double conical tube 
|m>duc^es a cUfferential pressure in the small tubes with their mouth?i 



Fig. bo. — Rfgist^Hng Vpnttiri meter. 
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turned in opposite directions, which is used for registering the 
amount of water flow in the main pipe by the flow through the 
small pipes. 

A small water-meter records a continuous run by dial or counter, 
and by an attachment of a chart recorder the mean volume of flow 
may be measured for any length of time. 

The Thomson water-meter is shown in Fig. 81. The displacing 
or measuring member consists of a flat disk, having a ball-and-socket 
bearing, and is adapted to oscillate in a chamber, comprised of two 
sections joined together, in which each of the inside faces approximates 
the frustum of a cone, the exterior confining wall assuming the form 
of a circular zone. The disk has a single slot projecting radially from 

the ball, which embraces a fixed 
metallic diaphragm, set within 
and crosswise of one side of 
the chamber, the disk being 
thus prevented from rotating; 
but when it is caused to oscil- 
late in contact with the cone 
frustums, the chamber, by these 
means, is divided into subcom- 
partments or measuring spaces. 
Now, if the ports of ingress and 
egress are properly disposed on 
opposite sides of the diaphragm , 
the disk will act as its own valve. The course of the flow through the 
meter is as follows: entering the compartment, formed by the upper 
and lower caps, the current passes on all sides of the chamber, to and 
through the inlet port; thence through the measuring chamber 
(causing the oscillation of the disk), then through the outlet port,, 
to the outlet spud and the pipe. 

The oscillation of the disk produces in its central axis, at a right 
angle to the plane of the disk, circular motion. Advantage is taken 
of this to control its proper relative action in respect to the cone 
frustums, by mounting a conical roller upon a spindle fixed in the 
ball. This roller impinges upon and rolls around the fixed conical 
stud or hub, formed on the inner side of the gear frame. The roller 
turns upon a conical sleeve which is screwed upon the disk spindle. 




Fig. 81. — ^Thomson water-meter. 
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This circular motion of the spindle is also utiUzed to drive the register* 
ing mechanism by means of an arm secured to the primary pinion 
of the train, the arm impinging upon and being driven by the lower 
extension of the roller. The trend of the motion of the disk is to 
thrust the edge of the slot con- 
stantiy against the outiet side 
of the diaphragm. 

The water-pressure regula- 
tor is a most useful device for 
reducing the pressure in the ser- 
vice pipes from high pressure 
water-works. Fig. 82 represents 
one of the several models in use. 

The diaphragm x and plunger s operate the valve c through the 
- lever r, and the relative pressures are regulated by the movable 
fulcrum e, a, high-pressure pipe; 6, low-pressure pipe; r, passage 
to diaphragm from low pressure. 




Fig. 82. — ^Water-pressure regulator. 



CHAPTER VI 



THE SIPHON AXD THK WATER RAM 



The origin of the siphon Hke that of the pump is lost in antiquity. 
Its earliest use has come to us through the channels of early civiliza- 
tion as recorded on the walls of Egyptian temples and tombs. 

One of the earlier uses of the siphon is supposed to be for drawing 
the clear water from the settling jars of the turbid water of the Nile 
for domestic use. 

In Fig. 88 is illustrated the use of the siphon as depicted on a 
tomb at Thebes of the age of 1500 years b.c. 




83. — Egyptian siphons. 



Hanging on lines at the right is shown the small siphons used in 
the Egyptian kitchens of that early period. 

A variety of forms of siphons for drawing off liquids and especially 
for acids and other liquid chemicals have been devised which are 
illustrated in the following figures: 

Fig. 84. — A bottle siphon which is chained by blowing through the 
short tube in the cork. 

Fig. 85. — A rarefied bulb siphon; the bulb is heated by a spirit 
96 
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lamp, the long leg closed by the finger with the short le^ in the 
liquid; remove the hmip, when the cooling air will charge the siphon. 

Fig* 86. — ^Liquid charging siphon, or trorape. 

Fig* 87, — Sucking ?iiphon with safety bulb. 

Fig. 88.— Constant charge siphon. 

Fig. 89,— Constant charge tipping siphon. 




FkOEL 84 85 86 g? 88 

Chemical siphons. 



P U M P I D T F F E R K N T r A L LEVEL, J U :\T P AND 
B L O W I N C SIPHONS 

Fig, 00. — Pump charging siphon. The chamber is half full nf 

mter, when by lifting the invert tube with the finger closing the long 

tjf the siphon « it is chained. 

Figs, 91 and 92 are suction charging of plain siphons by with- 

iwing a vessel of water which srals the Icmg leg. The latter figure 

so arts as a regulator to the flow of the si|>lKm. 





fjm. 90 
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Fig* OS 13 a jump charger, by which the momentum of the liquid 
cau^d l»y the plunging of the bell-shaped short leg in the fiuid, sends 
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it over the apex of the siphon sufficient in quantity to charge th^ 
other leg. 

Figs. 94 and 95 are blowing siphons, which are charged by blowings 
through the tubes connected to the discharging legs. The draught in J 
the conical mouth-piece raises the liquid to the apex of the siphon - 
and so charges it. 

The inverted form, which is not a true siphon, although so named 
in engineering phrase, has reached giant proportions as a conveyer ' 
of water across great valleys in Europe and our Western States. 

The fact that all water in its natural condition contains air in 
mechanical combination, which is liberated by removing the atmos- 
pheric pressure, is the only and great drawback to the continuous flow 
of water through it, up to a height near the atmospheric or vacuum 
limit of about thirty-three feet. 

The conditions of partial vacuum, or negative pressure, or, rather, 
loss of pressure, commence to liberate the air at a few feet elevation, 
and increase up to the limit at which the quantity of air breaks the 
continuity of the stream, when the operation stops; the rarefied air 
remaining at the apex, unless by some mechanical means it can be 
withdrawn from the siphon. 

When siphons have but small lift, say from 8 to 10 feet, and can 
be so arranged as to discharge enough lower than the water at the 
inlet end as to create a strong current, a siphon may run continuously 
by carrying the liberated air along with the water, but with heights of 
from 15 to 25 feet the air accumulates in quantity sufficient to cut the 
stream at the apex of the siphon and stop the flow; often in a few 
hours, when the apex is short and holds but little air. 

The essential features of a good siphon are illustrated in Fig. 96, 
which is simple, cheap, and easily managed, but requiring frequent 
removal of the air by closing the cocks at B and C and refilling the 
chamber at A and the apex of the siphon with water through the plug, 
D, in the funnel. The chamber at A may be made quite large, to hold 
the air of a whole day's run. 

The top of the pipe A should have a reducing socket with a 
funnel of galvanized sheet iron soldered to it, as shown in the cut, 
to form a water seal over the plug, for convenience of filling, as well 
as to insure an air-tight joint at the plug, which, by frequent use, 
may not be perfectly tight, and here we should say that absolute 
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tij^latriiess against leakage in of air is a most es^sential feature of the 
stiod^^ssful working of siplions. 

^W'e also illustrate, in Fig. I>7, an arrangement for replaeing the 
Lintilating air in tlie siphon with water without stopping tlie flow. 




I 



Fig, do,— Siphon fill«i at apex. 

-■^ this plan make the apex seetion at A of a sii^e larger pipe than the 
^tt^^n. p^fi^ of the siphon. This allow,s the lil>e rated air from the 
*"'^i»ig leg to separate and float along the upper side of the pipe and 
^^^^liange with the water from the irsen^oir B, 

TTie slower motion of the water along the apeXj and the plaemg 
^* the tee piece very near the point of descent, allows of the separation 




Fig. 07, — Air-chambered siphon. 

^ the air and prevents its accumulation beyond the outlet at C, and 
thereby choking the circulation. 

The two cocks C and D should have water seals as shown to 
insm^ against leakage of air into the siphon. 

The reservoir B^ and the seals may be made of galvanized sheet 
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irun witb soldered Joints, and attached by soldering to galvanised pi 
couplings. To start tlu^ si|>h«>iK tliise the eoeks H and G, open tb 
c«3eks C and D^ and iiU tlie siphon and i-cMervoir witli water to thi 
top of the funnel D, and also fill funnel C a^ a seal. Close thi 
ctick D, and open the cocks G and H, when the water will flo' 
with a velocity due to the difference of water-level at the ends^ lc& 
the friction of pipe and fittings. 

When the chamber at B has filled with air, which may be know 
by rapping on it with the knuckles, close cock C, open D, and fil 
with water, closing D first, and open C, After a few trials a constan 
siphon will become a time-keeper, so tliat the filling of the chatubei 
may be made at stated intervals. 

In regard to the sizes, for a !i-inch siphon the cocks C and D maj 






Fig, 98. — l^ni[i-c1iargcd si^ihyii^ 



be i inch, and the chamber from I to ^ cubic feet, according to height: 
of siphon. 

A siphon arranged as illustrated in Fig. 98 is a most convenient 
one, where the apex is at et:»nsiderable distance from the water*supply; 
and for quarries wh(*re tlie water drainage is limited and taken from 
sumps, which art* exhausted by a short run of the siphon. 

This is essentially like Fig, 96, with (he addition of a common 
plumljer s force pump at E, connected lo the siphon behind the inlet 
cock, G, with a cock in its force pipe, F ; or, if the stuffing-box of the 
pump is air-tight, no cock will be needed at F. A small air-cock 
in the funnel at D completes the arrangement ready for operating- 

By closing cocks G and H, and opening the air-cock in the funnel 
at A, the whole siphon may be easily filled by the pump at E, also 
filling the funnel full The air-eock at D should be closed first, to 



THE SIPHON AND THE WATER HAiM 



101 



eeep it sealed by the water in the funneL The coeks G and H are 

to Im? opened and the cock F closed. The siphon will then 

l<*w until Uie chamber. A, and part of tlie horizontal apex pif>c beeomes 

illed with air; wht-n the operation of filling may hv re[x>ate<l* There 

b m* spc-eial hmit to the capaeity of the air-elianiber, which may be 

made of a larger pipe than the siphon, and extended at a small angle 

iHiiilewise to give capacity for Iioldint^f air withtMil iiiereashig the total 

^.rlevation of the water-head in the siphi>n. The air-tock at I) should 

Miever exceed an elevation of S^ feet above the cwk at G* 

K There m another way of starting and keepin|f up the flow of a 

Siiphon by an air-pump attaehefl directly to the apex with a cock in 

tht^ jw^sition of tile air-eo(*k at 1), Fig. !)8, The operation of this plan 

■can be made w^ith a plain siphon, without cocks, at H and G, and 

the pump iKsed only to pump out the air when recjuinH!. The starting 

of the siphon re*|uiring no manipulation of teniiinal em^ks, nor 

traversing over the ihstanee of a long siphon. The only specialty 

H is a good air-pump. 

We do not recommend the use of cast-inm |>ipe for si|>hon:^, the 

difficulty of keeping it absolutely air-tight b**eoming an expensive item 

■ in Ob maintenanre, Wrouf^ht-iruii black or galvaiii?;ed pipt% with 

^■M-iron scrt*w^ fittings, tarred or galvanised, make the only reliable 

~55tfit for siphon age. Then* is proVuilily no limit to the size of a 

siphon pipe, within ordinary^ engineering r^^quiremeuLs, with adequate 

facilities for removing the air. 



SIPHONAGE IN LONG SUCTION TIPES 

Obstruction to the flow of water in long suction pipes that are 
!iol laid in a straight slope are sometimes quite serious iibstacles to 
fihe full aciion of the putup, or they may entirely stop the tlow with 
high lifts, or very long pipes. The inverts along the line of pipe 
hold back the air that is liberated by the negative alniospheric pressure 
from tlie pump draught and thus incTease the height of the lift by 
their cnmulati%'e action* This is illustrated hi Fig, 99» where it is 

(shown that the uptakes of the inverts arc filled w^ith water which 
is balanced only with air on their other sides* The condition shown 
is extreme* but gradually takes place after a suction pipe has been 
fully ehai^d with water. It has been known to completely inter- 
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nipt the flow. The necessity for straight slopes is also applica^S*-"*^ 

to long drainage siphons, which have been known to cease their flc— ^*^^ 

from the above conditions. 

Notwithstanding the difficulties that have been met in the instf^r"^- 

ment of town and citj' water-works in which long siphon suction pi p ^ ^ 

have been used, the remedy fc=z^«r 
air obstruction has been foun -^mJ 
l)v tapping the apex of eac — i^h 
siphon and connecting them t ii^o 
an air-pump in the power-hous -=^5C 
with small pipe; in this way s^ a 
long suction pipe may be kep^cDt 
fully and constantly charged. 

The velocity and volume o^^f 
flow in a siphon with the di^=- - 
charge end submerged in th 




Fig. 99. — Invert siphon .suction. 



tail water and with the apex within the practical height of continu»- ^ 
flow, is the same and depends upon the same conditions as that <^' 
other pipes between two water-heads, as sho\ni by examples i»"* 
Chapter V. 



THE HYDRAULIC OR WATER RAM 

The principle of the water ram may be briefly stated to be foun^ 
in the power of impact of a column of water, when its motion i^ 
instantly arrested by the closing of a waste 
valve, and may be compared with the power 
of a blow from a hammer upon an anvil, 
which will crush a piece of metal that Avouhl 
require the .static weight of thou.sands of 
such hammers if applied without the power 
of motion. 

The n^lativo conditions of the head of 
water that can be utilized, its quantity, and 
the height of required (»levati(m, are the prin- 
cipal factors for determining the quantity of 
water, apart from the friction of the water 
in long pipes, that can be utilized from the 




100. — ^Hydraulic ram. 
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flo^W' of a spring or stream, with the best proportioned apparatus. 
The number of strokes of the valve per minute and the weight of 
the valve is a matter of regulation for the utmost power of any given 
size ram. 

WTiere the water-supply is limited, as from springs, the utmost 
efficiency is required, and a possibility of 85 per cent, in useful eflPect 
hiSLS been and may be obtained by the best adjustment of flow and 
discharge in improved rams. 

The ordinary efficiency varies from 50 to 67 per cent. 

The useful effect may be readily ascertained by measuring the 
waste valve flow in gallons per minute, also the discharge in gallons 
per minute; the height of flow or feed pipe, and the height of the 
point of discharge, above the waste valve of the ram. Then the 
equation becomes: 

Height of discharge quantity discharged ^ 
Height of feed head quantity wasted 

the useful effect. This, when abbreviated to formula, is n X -^ = 

h' q' 

<X)efficient of ram; in which 
h = height of discharge. 
h'= height of feed head. 

q = quantity of discharge in gallons per minute, 
q' = quantity of waste in gallons per minute. 

Thus, for example, a fairly efficient ram having a fall of 10 feet, 
and forcing the water 50 feet high, if found forcing 5 gallons per 
minute and wasting 40 gallons per minute, will have an efficiency of 
50 5 
IoX40 = «-«^^- 

For a given fall the efficiency increases inversely as the height of 
discharge, or the discharge largely in(Teas(\s with a decrease of height. 

A formula for regulating the weight of the Avaste valve to produce 
the maximum supply for the ordinary form of hydraulic rams has 
been proposed and formulated by an Austrian engineer, which may 
be of value for the adjustment of rams that are furnishing a deficient 
supply. 

The formula is stated as the area of the waste valve in inches X 
height of supply above the valve in feet X length of drive pipe in feet, 
and the product divided by 500 will give the weight, including the 
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valve, for best effect, when the diameters of the drive and discburgp 

pipes are of proper proportions. The formula may be expressed as 

a^Xh^xr ... 

— = weight m pounds. 

For example, for a ram liaving a waste valve ^ indies diameter, 
m the dear opening, the area will tie 2^X0,7854^3.14 square inches* 



a fall of 5 feet, and drive pipe 40 feet long> tJien 



3.14X5X40 
500 



-l-£5 



or 1} pounds for the weight of the valve. 

The drive or feed pipe should not be of less length than 6 times 
the height for a fall of f n>m to 10 feel ; and for a less fall than 6 feet, 
from 8 to 10 trnu\s tlie fall in length, for best efficiency. 

A fall of 2 feet in the drive pipe is as low as can be made to give 
satisfaction, unless by special a*Ijustment and low discharge. 

The discharge pipe should be fruni tnte-third to one-half tlie 
diameter of tlic driven pifx*, afx^mling to length. There seems to be 
no reasonable limit to the distance that a medium or large si^e ram 
will discharge — even up to €,000 or 3,000 fwt, with a moderate eleva- 
tion. For very long distanc*s, it is better to have the discharge pij>e 
larger than one-half tlie diameter of the drive pipe, to lessen friction. 
The coupling attaching the drive pipe to the ram should have a 
snifting-hole from y^-inch to i-inch diamett^r, as shown at S* Fig. 
100, drilled in a slanting tlireetion to wart I the ram (if not provided 
by the makers)* for the purpose of keeping 
the air-chainljer supplied by air. The tug- 
nientan^ relief from the impact of the water 
in the drive pij>e draws a little air in through 
the sn if ting-hole and dischai^es it at the 
next impact into the air-chamber. This is 
necessary to the continuous action of the ram» 
as the air under pressure in the air-chamber 
is gradually absorbed and the efficiency of 
the ram is thereby destroyed. 
The largest impact rams now made will under favorable circum- 
stances supply from 60 to 70 gallons of water per minute, with eleva- 
tion under 100 feet; say 86,000 gallons per day; enough for the 
lai^est stock farms, or for irrigating from *20 to 30 acres of land. 
For irrigation purposes on a larger scale, see chapter on Irrigation* 
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The noise from the actian of a hydraulic ram has been overcome 
in ratDs in use in Europe, the construction of which is shown in Fig, 
101. The principle is in the use of a piston-valve disk, stopped by 
an air-cusbion in a cage witli a curved reaction disk and detailed as 
follows : 

The curved reaction disk, F, serves to lift the piston valve, C, 
quickly witliout shock. The air-cuwliion at G stops the lift at the 
moment uf closure of piston valve, C, tf, a stop set -screw; H, valve- 
cage; B, force-valve; K, force-pipe; I, vent-hole to air-cushion. 

The siphon water ram is a novelty of French origin, showing 
possibilities in this class of water-raising devices that can be located 
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FiQ* ItH. — Siphoa water rani. 



at a dam or wherever a barrage of a few feet can he made in a small 
stream* A gt^neral view and details of its action are shown in Fig. 10;^. 
The section and enlarged cut of the ram is shown at the right, in 
which B is a chamber in the apex of a siphon, C, a flap valve on^an 
arm and spindle extending to outside of chaml>er and held of>en by 
the lever and weight, L, with its movement adjusted by the springs 
above and below the lever. D^ discharge valve, G, a chamber with 
elastic heads or diaphnigras of thin corrugated metal, for an air- 
ehamber and to prevent hammer, K, plug for filling the siphon with 
water or by the suction of an air-pump. • 
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Fig. 103. — Rife hvdraulic ram. 



The height of ram may be made convenient up to 14 feet aboT( 
the barrage with a water fall of 6 feet or more and is daimed 

deliver one-third of water passing th< 
siplion at its own height and in proportion 
for higher or long delivery. 

In Figs. 103 and 104 are illustrated 
the ram made by the Rife Hydraulic En- 
gine Manufaeturing Company, in sizes 
for ordinary domestic 
supply to that of town 
and irrigation require- 
ments. 

The principal nov- 
elty in the construc- 
tion of this ram is the 
balanced waste valve, 
so arranged that the valve can be exactly weighted to the amount for 
its best work under varj^ng conditions of fall and discharge. This 
is done by merely sliding the w^eight on the lever to the proper place 
and clamping it with a set-screw. 

Its rubber-faced valve is also an important factor in suppressing 
the hammer or jar of metallic-faced valves. 

The supply of water from a pure spring at only a slight elevation 
of two or more feet, by the power of the water of an undesirable 
stream, is a peculiar function of the hydraulic 
ram. 

The momentary- reaction or rebound of the 
driving colunui of water at tlie end of its stroke 
suspends the* pressure 
due to its fall or pro- 
duces a slight vacuum 
which allows the small 
pressure from the spring 
to supply the end of the 
drive pipe beneath the 
air-chamber with spring water, which at the next impulse is driven 
into the air-chamber and to the discharge-pipe. 

This arrangement is sliown in the section Fig. 104 in which I is 








Fig. 104. — Section with double supply attadiment 
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c mlet for nprmg water; H, a check valve and opening directly 
nder the air-chamber valve; E, the snifting*hole close to the valve, 
lie lever h on an outside fulcrum and allows the weight to be moved 
o decrease or iiuTcasc the weight of the wa^te valvt*. 

By adjusting the counterweight so that the valve h nearly balanced, 
'"'fthe valve comes to its fteat very quickly after the flow piist it begins* 
^The result i.s that the ram makes a grt^at 
Clumber of isliort, quick strokes, which art* 
:snuch easier on the mechanism than slower 
.sind heavier strokes. Of course the stroke 
xnuHt l>e sufficiently powerful to act effi- 
ciently in overcoming tlie head in tlie de- 
liven' p ipe . The adjustable we igh t perm i ts 
"ihLs to lie effected with great nicety. 

The question of efficiency of hydraulic '*^^^K3 A^ 

3^ms ha.^ been much discussed. The Rife 
Jlydniulie Engine Co., however, uses Ran- 
Idne's formula in caleulating efficienc}', 

^which b 

qh 




E= 



(Q-q) H 



FtG. Ift5,— Irrigalion ram, or 

hydniuiu' engine. 



TK-here Q Is the quantity of water flowing 

per second in the drive pipe; q, the quan- 

iity flowing per second to the stand pipe thmugh tllc discharge 

pipe; II, the height from the waste valve to the level of the water 

I'eeding the dri^^e pijK*; and h, the difference in the level of the 

water-supply reservoir and the water in the stand pipe. I>*Aubisiion s 



fonimla for effieienry E = 



q (H-h) 

Q n 



is the correct one, considering 



the energy only at both ends of the machine- 

The Rife hydraulic engine ilhistrated in Fig, 105 is designed for 
town water-supply or for irrigation* for ^^hich it h well suitetl where 
there Is sufficient running water and fall to supply its power deiiuuid. 
It weighs approxiruately ^,800 pounds; the capacity of the air- 
chamber Is 50} cubic feet; diameter of drive pipe, 8 inches; diameter 
of the waste valve, 18 inches: weight of waste vahe, 50 jxmnds; 
tliameter of deliver^^ pip<^% 4 inches; height to top of air-chamber* 7 J 
feet. 




108 



HYDRAULIC ENGINEERING 



A general formula for the possible amount of water-supply that 

S F 
may be obtained from a spring or stream is, -~- X 40 = gallons per 

hour; in which S = supply of water from spring or stream in gallons 
per minute; F = fall in feet of the drive pipe; H = the elevation of 
discharge above the ram. If the discharge pipe is of great length its 
friction factor should be added to the height. 



Table XIX. — Gallons Delivered per 24 Holtw by Rife Engine for 1 Gallon 
PER Minute Supplied 
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THE PEAR8ALL HYDRAULIC ENGINE 

The general principle of the action of these engines is that water 
from a stream or river is allowed to flow through a pipe into a tail 
race at lower level, through an open valve in the engine, and the 
water in the pipe having thus acquired a certain velocity the valve 
is closed, and the momentum of the mass of water in the pipe causes 
some of it to pass into an air vessel, from which the pressure of the 
air in the air vessel causes it to flow out by a pipe to any height de- 
sired. Several novel features are, however, embodied in these en- 
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gmes to attain the perfect utilization of this principle which has hith- 
erto had only a very partial application. 

Where the water [sower is to be used to compress air> the action 
is similar, and the const ruction is only slightly modified. 

The vertical section. Fig. 100, shows the construction of the en- 
gine; C is a pipe from the head race to the engine; D is the main 
valve actuated by the rml E and the cam F, and altematcly opening 
and closing the ammlar opening; B 15 a chamber above the main 
valve: K K are valves opening from 
the ctuimber B into the chamber L, 
which commtmicates with an air 
vrssi4; a small air motor of ordinar\' 
construction turns the simft T and 
cam F, and thus optms and closes 
the annular valve D. 

The shaft T is turned by the 
motor at a speed of about 2a revo- 
lutions pc*r minute, and, by means 
of tJie cam, F, actuates the main 
falve, D, and altemalely opens and 
doses the orifice G at regular in- 
tervals. Immediately the orifice G 
is opened, the water flows ui the 
pipe Ct cscajJing freely into the tail 
racc^ until by the continued rev- 
olution of the shaft T, the cam 
again closes G- At the closing of 
the valve water rises in the cham- 

lier B, driving out the air, which c-<^capcs from the chamber through 
the air-valve. Almost iinnu'tllatciy after the closing of the main 
valve, the water, still rising in the chamber, reaches the lower ^dge 
of the tube h, up which it flows, touches the float attached to the 
air- valve and closes it- The momentum of the column of water 
then compresses the small quantity of air contained in the air- 
chamber above the lower edge of the tube, 6, opens the valves K K, 
and enters the chamber L (and thence the air-vessel), first the air 
and then some water following it. Having thus ex[>ended its 
energy lire water comes to rest. The valves K K then clase and 



Fig. \m. — I'eafsall's kydruulic engine. 
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the continued revolution of the shaft T and its cam, F» reopens the 
main valve, D. The flow in the pipe C reconmiences, and at the same 
time the water in chamber B also escapes into the tail race through 
the same opening, atmospheric air entering through the air-valve, 
which falls open as soon as the high pressure ceases. This com- 
pletes the cycle of operations, the delivery of water at high pressure 
from the air-vessel being continuous. 

The annular sliding valve D is peculiar in that its closing is com- 
pleted by a slight mpvement of the seat, which consists of a rubber 
ring in the form of a curtain. The valve is moved up to, but not 
quite touching it. Immediately there is any internal pressure the 
edge of the rubber curtain is forced against the valve, and so com- 
pletes its closing. 

The motor is actuated by the small quantity of air compressed 
at each stroke and enters the air-vessel with the water. The depth 
of the tube 6 dipping into the antechamber is r^ulated by a screw, 
so that the quantity of air compressed may be made equal to the 
requirements of the motor. 

The efficiency of the engine from its actual work is 71 per 
cent. 

The engine was designed by Howard D. Pearsall and made in 
England for the Isabella furnaces, Chester County, Pa. 

The means for raising large volumes of water from as low initial 
heads as It or more feet has been brought out in the Niagara hy- 
draulic engine, built at Chester, Pa. Its capacity is from 20,000 
to 5,000,000 gallons per day and in sizes with drive pipes from 12 
to 48 inches diameter with delivery pipes one-half the diameter of the 
drive pipes and a limit of lift from 500 to 800 feet in height. 

Its great capacity under low heads as found in sluggish rivers 
makes it a most economical means of water-supply for irrigation, 
town water-works, and for mining. Fig. 107 shows a section of this 
hydraulic engine. 

The driving water column enters engine at D and finds a free 
flow through the opening B and cylindrical impact valve A, thus in- 
suring the greatest possible speed of driving column in the shortest 
period of time. The friction of the flowing water on cylindrical im- 
pact valve A causes it to rise and brings the flanges of valve against 
their rubber seats, thus causing the suddenly increased pressure or 
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momentum of driving column to be exerted under the air-chamber 
valves E, which allows the water to enter the air-chamber where the 
ramming action is absorbed by a large air-cushion relieving the engine 
of unnecessary shocks or vibrations and insuring a uniform and com- 
paratively low speed of delivery through the outlet G. 

When the cylindrical impact valve A is closed, the blow or ram- 
ming action i:^ delivered against the valve hood, U; the same not 





Fig. 107. — Xiagjira hydraulic online. 



being a moving part allows of its being constructed sufficiently heavy 
to withstand any desired pressure. 

By means of the regulating nuts, R, the drop of impact valve can 
be readily adjusted so as to make the engine use the proper quantity 
of water within the limits specified for each size engine. 

The inflowing driving column is guided in a straight upward 
direction parallel through the walls of impact valve by means of the 
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port» B, so that the circular impact valve is relieved from unbalance 
side pressure, allowing its motioQ to be natttmllv vertical* 

The impacrt valve lias no points of contact or friction to overcome. 
Thh allows it to use gritty or sandy water without in any way affecting 
the engine. 

Tlie two stems, S, are for legulating the amount of valve drop 
rather than acting as valve guides. 

The air-chamber cushion is kept constantly supplied by means 
of the automatic air-feed C, 

The action of water as a jet for the purp^^se of propelling vessels 
has been a failure in many trials from its low efficiency; but for nmnv 
special purposes, such as the drainage of sumps and rcHarSt wliere 
water c^n be obtained under sufficient 
pressure, the hydraulic ejec-tor may be 
made a most useful and reliable dcWee, 



Ftg. 108. — Automatic eji^tor. 



Fro. 100.— Sand ejector. 



Fig. 108 illustrates the design of an automatic water ejector in 
which the jet is started and stopped by a float in the sump, so arranged 
with a loose or sliding Joint that the jet starts when the sump is full 
and stops when it is empty, thus avoiding waste of water, 

A useful device, invented l>y Captain Eads, is the hydraulic sand 
ejector used for dischaiging sand from the caissons of the St- Ixsuis 
bridge. 

Fig, 100 shows a section of the sand ejector, the action of which 
consists of a tliin annular jet of water under high pressure, 40 to 50 
pounds per square inch* ejecting sand and water from a sump and 
discharging at a high elevation. 

A device involving the principle of the impact of a swift body 
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>p against water is illustrated in Fig, 110, consi^stinj^ of a 
long water trough between the tracks. A luovaliie spmit iti the 



I 




Fic}. 110.— ilftihvfiy water-scoop. 

tender is dropped into the water tr*>iigli at an angle to ?iefM3p 
up the water and propel it into the tank by the ,s[»eed of the train. 

An example of the fK)Wer of water 
under pressure and velocity is si » own 
in the hydraulic system of pile-driving 
and in the driving of pipe wells. 

By this means lar^e iron pitcf 

ore driven to great depths liy merely 

pumping water down through the 

pipe. 

Fig, 111 illustrates the method of 

driving wtXKlen piles by the hydraulic 

system. A pile wilh a groove on its 

side in which a pipe is laid to the 

Ixittom of the pile» loosely clipped 

in f*lace to enable its withdrawal 

after the pile is seL A strong 

stream of water from a pump ex- 

oavates a passage for the pile 

to the required depth. Na hammer 

pressure. 




Fto. ML— Hytlmulk inU^nnni^. 
h needed — i#nly a mUmtly 
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CHAPTER VII 

DAMS AND RESERVOIRS 

The storage of water at higher levels than that of the local flow 
of streams by means of dams and reservoirs, and for the purposes 
of irrigation, city and domestic use was a. recourse of the eariiest civ- 
ilization, of which the most notable example was Lake Moeris in 
Egjrpt, of 150 square miles in area, with embankments 30 feet high, 
which can still be traced for many miles. The canal for supplying 
this vast reservoir was about 120 miles in length, runliing along the 
west side of the valley of the Nile, and received its water from the 
floods of the Upper Nile. Its sluices irrigated about 1,200 square 
miles. 

The present great barrage of the Nile at Philje is the greatest w^ork 
of modem times for irrigation. 

One of the greatest reservoirs of modem times is that of Alicante 
in Spain, finished in 1594. The dam is curved, convex upstream, 
is 140 feet high, 36 feet thick at the top and 112 feet at 'the bottom, 
and built of solid limestone masonry. 

It has stood against the greatest floods of the past 300 years, 
although the spileways have been flooded and the crest overflowed 
to a depth of 8 feet. 

Its reservoir capacity is 131,000,000 cubic feet. 

The tanks of Ceylon are among the wonders of hydraulic engi- 
neering, some of which are 20 miles in circumference, with embank- 
ments of massive masonr\', which seem to have defied the hand of 
time. Their age is unknown ; they are a part of a vast system of ir- 
rigation. Similar structures are found in southern India and Arabia 
and point to the occupation of these countries by a civilized people 
older than the Arabs and Hindoos. 

The constmction of dams in the United States has had a pro- 
gressive history, with many failures, fn)m the rude log dams of the 

early settlers to the enormous masonry dams required for the present 
114 
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storage of water for the requirement of our great cities and manu- 
facturing industries. 

Wooden dams are usually of cribwork, of either rough round 
logs with the bark on, or of hewn timber — in either case about a foot 
through. These timbers are merely laid on top of each other, form- 
ing in plan a series of rectangles, with sides of about 7 to 12 feet. 
They are not notched together, but simply bolted by 1-inch square 
l)olts (often ragged or jagged) about 2 to 2h feet long, through every 
timber at every intersection. 

The cribs are usually, but not always, filled with stone. In tri- 
angular dams, disposed as in Fig. 112, this stone filling is not so es- 
s€*ntial as in other forms, because the weight of the water, and of 
the gravel backing, tends to hold the dam down to its base. Still, 



Fig. 112. — Log and timber dam. 

even in these, when the lower timbers are not bolted to a rock bottom, 
or otherwise secured in place, some stone may be necessary to prevent 
the timbers from floating away while the work is unfinished and the 
gravel not yet deposited behind it. On n)ck, the lowest timbers 
are often bolted to it, to prevent them from floating away during 
construction; and when the water is some f(»et deep, this requires 
coffer-dams. 

In this method of construction the overfall should impinge upon 
.solid rock for the safety of the dam. When built ui)on a soft, sandy, 
or gravel bottom, ample provision should be madt* by tn^nching and 
sinking below the bottom of the stream with piling for anchorage and 
a long, deep, back fill to prevent seepage and undermining. The 
planking should run lengthwise of the dam and battened. 

Fig. lis shows a type of dam with the frame or crib made of logs 
and covered with a timber or plank backing laid crosswise of the 
dam and battened. If built on a sand or gravel bottom, great care 
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should be taken to sink the cribwork as deeply as possible and anchor 
it with stone filling or piles. Such a dam should have an overfall 




Fio. 113.— The log dam. 

floor made on an extension of the lower tier of logs as far from the 

face of the dam as its height. 

Although this type of construction is rude, it answers its purpose 

where logs are plenty and other material scarce, as in lumber dis- 
tricts, and in view in the 
old dams in the Eastern 
States. In Fig. 114 is shown 
a section of the crib dam 
across the Schuylkill River 
at the Fairmount water- 
works, Philadelphia. It 

measures 1,600 feet from bank to bank, forming an angle of about 

45° with the direction of the stream. By this extension of length the 

rise above the top of the dam is lessened during high water. 

The slack water above the dam extends about six miles, and a 

canal and \v.cks arc provided for overcoming the rise. A part of the 




Fio. 114. — Dam of tlie Fairmount water-works. 




Fig. 115. — ^Timber crib dam. 



bottom consisted of mud, and upon this portion, 270 feet in length, 
a foundation of rubble was laid, and covered with earth. This por- 
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tioti is 150 feet broad at the base and 1£ feet on top, being incased 
^ivitli lai^e stones. Tlie overfall dain is 1,!204 feet in length, founded 
on the bare rock, the deepest portion having a depth of 24 feet below 
low tides. 

In Fig, 115 is shown a section of a timber crib dam of the Ottawa 
River type. A crib fmming of timber GlUxl m with stone* topped by 
a slope frame of S to 1, and apron with its af>ex at half the width of 




lliver and CAmd embankment. 



le crib to divide the total fall of the water. B, cross plaiiking on 
lop and back. Back filling of stone and earth. 

In Fig. 116 is shown it section of the embankinent of the Ottawa 
River navigation system^ in which a solid stone wall is built on the 
canal side backed by a ehiy puddle wall to near its top with a back 
filling of earth against a timber crib work on the river side, filled with 
stone and the whole bank riprapped with large stone. Where rock 
bdttom is not accessible the wall and puddle is carried quite a dis- 
tance below the bottom of the canal. 




Fia 117.— Crib dam, B«ir River, Ufalu 



An example of a timber dam built for irrigation is ilhistrated in 
icction in Fig, 117, It represents the method of fastening tlie timber 



118 HYDRAULIC ENGINEERING 

work with long spikes and the fastening of the crib to the rock bot- 
tom with anchor bolts, Ij inch, 3 feet in length with fox-wedges. 
The entire cribwork is filled with stone; the downstream face and 
apron are planked, while the rear slope is covered with two layers of 
S-inch plank. 

This dam has an overflow of 370 feet in length and for 100 
feet under one end rested on a bed of gravel and bowlders which 
was washed out soon after the dam was finished; at the next 
low water a solid concrete wall was underiaid and the back fill in- 
creased so that it is now in a safe condition to withstand the largest 
floods. 

Its height, 17' 6", is about the limit for wooden dams for safety 
and permanence, which the historj' of the Holyoke dam, of 30 feet 
in height, has shown. 



VIBRATION FROM VERTICAL FACE DAMS 

One of the greatest annoyances that can occur in the vicinity ot 
a large dam with a vertical face or one so nearly vertical that air is 
enclosed behind the sheet of falling water, is the vibration set up by the 
elasticity of the confined air which produces a synchronous vibration 
in mills and dwellings for miles around. The vibration from the 
old Holyoke dam has rattled the windows at Springfield eight miles 
distant. 

The remedy ha.s been found in breaking the continuity ofthe fall- 
ing water at a number of places. 



F I s H w A Y s 

As falls or dams of over 6 feet in height are a bar to the migration 

of fish upstream, especially where a rocky bottom, without an over- 

— ^ fall basin, prevents their leap- 

^ ^gag^-fe^.r-V-lrr:! rZl\ iri:^ ing propensities, one of the 

ri_ ,,o rr«i r II c u \ Ai needed adjuncts of ever\' dam 

FlQ. 118. — ^The overfall or fish ladder. J ^ • 

or waterfall is a fishway. This 
need<»d appliance is practically enforced to a limited extent by tlie 
fish <*(>nnnissioners under the laws of many States. 
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Fig. 119.— Fish way. 



The principle of a practical fishway consists in retarding the ve- 
locity of the water in an inclined sluiceway by obstructions, so that 
the mean velocity will be no more than 8 feet per second with resting 
places made by the nature of the obstmctions. Such a sluice should 
be open to the light and may be a series of basins with overfalls of 
one foot or less, which by returning upon itself in a zigzag way may 
be made to terminate near the 
foot of the dam where the fish 
naturally gather. 

A series of stepped basins 
over which the water descends, 
turning a fall into a cascade, 
and sometimes known as a fish 
ladder; or it may consist of a 
chute with a sinuous track for 
diminishing the velocity and 
assisting the passage of the fish 
to the level above the dam. In 
it is an inclined chute having a 
series of chambers containing 
comparatively still water, the 
cuiTent being confined to a 
relatively smaller space. 

In Figs. 120 and 121 are shown other ways of constructing fish 
chutes of approved design. Scjuare and oblicjue dams across a part* 
of a sluiceway. 
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Fio. 120. — Square dam fishway. 



/^N^ 




Fio. 121. — Oblique dam fishway. 



DAMS OF MASONRY AXD CONCRETE 

The progress and experience during the past half-century in the 
buildmg of dams for stability has advanced in the line of all indus- 
tries, and the art of building great structures of this class has settled 
into definite formulas for permanence and lasting qualities. 

The vast heights made necessary for the ample storage of water 
for the increasing population of cities, for power and for irrigation, 
require absolute safety in these structures, which nothing l)ut solid 
impervious rock and hydraulic cement can insure. 

No reliance should be placed on the tensile strength of stone or 
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cement in restraint of the pressure of the water to overturn the dam 
or to move it forward. The outline of its sections at all points should 
be so formed as to bring the resultants, or centres of pressure and 
weight as a factor of safety, at points in the base not less than one- 
third of its length from the downstream toe; or, in technical phrase, 
within the middle third of the base, and also at all horizontal levels 
above the base. 

The highest conception in regard to the rising lines of both faces 
of a high dam indicates curves to exactly meet the safe factor of the 

pressure and gravity forces at all levels 
in its structure. 

In Fig. 122 is shown a dam or re- 
taining wall of trapezoidal profile in 
which the resultants of pressure and 
gravity are detailed, and a computa- 
tion is made for one foot in length of 
the dam. 

The dotted line ft'', g V, is the equal 
division of the profile through the centre 
of gravity and the top and base lines. 

The lines of force, gravity G, and 
pressure P, meet at E and their resul- 
tant cuts the base at E'. The sum of 
their moments about E' should be zero, 
i. e., PXih = GxO E' for an exact bal- 
ance. For the computations the following letters will designate the 
conditions in the formula: 

h = height of dam ; b'^ = length across top. 
b' = length of base; g = centre of gravity of profile. 
G = weight of the section 1 foot thick. 
P = point of mean pressure of the water = J height. 
E = horizontal pressure at vertical of centre of gravity. 
E' = resulting point of pressures at the base line. 
n = ratio of the distance E' from the middle of the base, to the 
whole length of the base. 

y= weight of water per cubic foot. 

y'ss weight of masonry per cubic foot. 

Assigning for the height of the dam to be 100 feet with the water 




Fig. 122.— Trapezoidal dam. 
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even with the top with a width of section at top of 10 feet and at the 



bottom, assununJ from the fomiuhi b' = 



100 



= 57.7 feet. 



/3 173 

The weight of the ma>5onry niiiy ^^ assiimerl as 150 pounds per 
crubic foot (y^) and Uae weight of the entire section, one foot Hiick; 

<g^ - - — XlXy and with the figures* 



^•^'^^'^^^°° X1X150=5()7.750 pounds. 

The pressure of the water at P, tlie mean centre, per square foot 

is 4,S35 X 144 =jX-h = 41,574 p<iunds. 

li h' + ^ b" 
TTie centre of eravity above the base is, - X -rz — rir and as 

^ ^ S b H-b" 

J 100 57,7^fO „„ _ , ^ _ 

figured — - X -— r , ^ =38.19 feet =gO = y. 
^ 3 57,7+10 ** ^ 

The horizontal distance of the centre of gravity O, frtim the foot 

b'Xh* 1 
of the base 1% b' + b'^-^-^— 1 =19.72 feet. 

V b* Is the division line cutting tlie centres of base and top through 
the centre of gravity. 

y =.g o ^- X-nr-. ^ ^ -ttX- ^^ , ,^ =88.19 feet from base to cen- 



3'^ b' + b'' 

Ire of gravity. 



OE' = 



yxP 



57.7 + 10 



38. la 47.7 „ „ , , 
=-^X— =9.11 feet. 



38.19X41,574 



-3.127 



I 



G 507,750 

E' V = V-OE-9.11-H.l!i7-5.98 feet, the resultant of the 
forces P and G from the centre V toward the upstream face of tlie 
dam and far within the middle third section of the ba^se, which is 
assumed to l>e the limit of safety* In all cases for dams with a 
shorter base, the resultant moment of the pressures P and G should 
be confined to the middle tlxird, and we find that the limit of the base 
cannot l>e trusted at less than one-third the height of the dam with no 
overfow. 
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THE QUAKER BRIDGE DAM 

The best conditions for safety under the effects of flood, shock, 
and time, have been worked out in the profile and terminab of the 
Quaker Bridge Dam of the Croton water system of New York; the 
highest barrage masonry in the world. Fig. 123. 

Its profile has been made a study of the best engineering talent, 
which has added safety to the plain trapezoidal type with economy 



E^B4 




Fig. H3.— Quaker Bridge Dam. 



of cost, by curves on l)oth faces, extending its base to exceed the re- 
quirement of —- by more than a third; the upper part conforming 

more nearly to the above fornmla. 

The 18-fc)ot driveway aloii^ the crest of the dam forms a connect- 
ing link between two macadamized roads, which follow the shore of 
the new Croton Lake, and funn a continuous ride over forty miles 
in extent; the total hri^^ht of masonry from the foundation to the 
cnst being just under SOO f(»et, or to be exact ^97 feet. At the foun- 
dations of the (lam in the centre of the valley the masonry is 200 feet 
in thickness, and it narrows symnietricallv to a thickness of 18 feet 
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is liable to diiferencc:* of compression by varying stagcis of water and 
witti this to a movement on its rocky base that is disintegraling to its 
structure* 

Such dams are, however, in use and declared trustworthy whan 
Imilt of moderate length and abutting against rock walls. 

We illustrate a dam of this form, the Bear Valley Dam, San Ber- 
nardino County, CaL 

This dam has a cnrve of S35 feet radius, alHiut WO feet in lengtb, 
and abutting against rock walls with a spill at A, cut in the solid rock. 





Fig. 1S6.— Section. 



Fm. 137.^Sftii M&t^ Dam. 



Fig* is^O is a profile section at the centre of the dam. The masoniy 
has a gmnite aj^bkir facing with rubble heart all closely laid in cement. 
The drainage area is small, 56 square miles, and the dam is not sub- 
jcct to overflow. 

The dam of the San Francisco water- works near San Mateo is 
curved on a radius of 637 feet with an exceptionally strong profile 
and base greater than its height, It^ outlet is tunnelled through the 
soHd rock with gates in a shaft. 



FLOODS AND STABILITY OF MASONRY DAMS 

The disintegrating effect of floods by deep overflow on the top of 
dams has been the cause of disasters in many instances by under- 
mining, lifting, and pushing the dam downstream; the experience 
with which has led to the practice of greatly extending the base of the 
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profile for absolute safety, especially where rock bottom is friable or 
shaly and to great deptli where rock bottom is not available. 

In order to give a dam a wide mai^in of safety from flood flow 
over the top^ we give a graphic example of the forces and figured re- 
sultant for an overflow of n {x^s.sible 10 feet in heiglit o\'er the top 
of a trH}>ezoidal danx of mawonrj, 50 fi*et high with a base of 25 feet 
and a crest 10 feet wide, which may be considered a fairly safe dam 
on a rock bccL 



Let 



18,44 ft. 



13l»i250 pounds, weight of the dam 1 foot 



---^W^^ 



long. 

P - 4.335 XU4X(h + h'-X) = 624.24X41.56 = 25,045.4 pounds 
pressure. 

Then 131,250: 25,94,5:: 18.44: 3.64 feet the distance of the resul- 
tant of the pressures P and G fn>in 
the centre of gravity, O, of the dam 
and well witliin the middle third. 

The protection of the toe of an 
overflow dam by a curved apron is 
an essential feature of safety from 
the disintegrating effect of flw^ds in 
cany^ing over ice and luml^r that 
tends to wear away the roc*k base 
or the riprap tliat was intemled to 
supply the place of a properly built 
apron. 

In Fig. 129 is shown the well- 
designed contour of the profile of 
the Holyoke Dam» designed to meet 
all flood conditions. Its IcTigth is 
1,0 IT feet and SO feet high. The 
entire facing of this tlam is of 
granite with the crest and reverse apron dawelled. 
of rubble masonry. 

It will be noticed that in this design are the best elements of sta- 
bility, that in its trapezoidal outline the base is greater than the 
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Fio. 128.^0v«flow daia. 

The interior is 
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height and that the extension of the curved apron gives the base 
practically a length of one and three-quarters of the height. " 




Fig. 1«9.— Section of Holyoke Dam. 

The rapid advance in the use of cement concrete in building and 
experience with its weathering quaUties and resisting properties in 
hydraulic structures has led to its adoption in the construction of 
dams. 

In Fig. 130 is shown a section of the concrete dam at Mechan- 
ics ville, N. Y., with abutments also of concrete. The base is re- 




Fig. 130. — Concrete dam, Hudson River. 



cessed into the rock and has an extended curved apron, making th^ 
base equal to twice the height. 
The dam is 800 feet long. 
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RESERVOIR EMBANKMENTS 

The embankments for impounding water only, such as reservoirs 
for city and town water-supply, where the water-level is limited by 
gates or overflows and which are only subjected to pressures at their 
high-water level or less, are generally of far more simple construction 
than of dams subject to flood action. 

In Fig. 131 is shown a section of a reservoir embankment of mod- 
erate height, say 10 feet depth of water with the top 3 feet above 
the overflow, which may be a pipe laid sloping through the bank 
and to beyond its foot. 

Such reservoirs on gravel, sand, or loam beds should be puddled 
on their entire bottom and extending to and beyond the clay puddle 




Fig. 131. — Clay puddle embankment 



^*l and closely amalgamated with it. The puddle wall should be 

'^^^third its height in thickness at the bottom, tapering to one-quarter 

. *lxe top, be well rammed and carried up with the slope filling. The 

^i^e or wet slope should be not less than 1 to 1 and faced with 

' ^^^c; coarse pebble, gravel, and bowlders are in use. The back 

^^^ may have a slope of not less than 2 to 1 and supported by a 

^^ foot wall for safety and appearance. A breadth at the top of 

^eet OP more is recommended. 

CJoncrete for bottom lining and walls is much in favor, although 
^^^Hues from cracks have occurred. 



:v^ 



of less than 10 feet, earth embankments without 
~iade a permanent feature where day or ce- 
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meid wa« not awbMe; where the footii^ of both slopes bst abat . 
rngMMoM. nmiik ^Ufot walk without moHar. 

In F^. 152 k slKnni a sectioo of an earth embankment whidi 
should hare a loam filling on the wet lace and bottom of the reserroir 
with a pebble top dnstsing. The back filling maj be of anv soil 
a%'ailaMe and compacted bv ramming wet, or if of low hc^ht, muT 
in: rammerJ bv the trairersii^ of the filling teams. 



.'^"^^ 



^^^rs 




Fig. ISS.'Earth embankmenL 

Vsu'C puddling Is in use and has an advantage over the puddle 
wall in strengthening the embankment by placing the resistance of 
all the material behind the puddled face. A face puddle should have 
a layer cif broken stone and gravel to prevent wash, and for best effect 
th(! iiicit .should have a slope of 1 J to 1. 

TIh? laying of the outlet pipe is always a matter of some concern 
as to its stability and freedom from seepage; it should be an extra 
heavy pijie provided with anchorage bands and laid on a concrete 
foundation with a gate valve at the outer end, or in large works gate 
chambers arc built on the inner slope of the embankment. 
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CITY AND TOW^^ WATKH-SUFPLT 



! Rebehvoirs for city and town water-supply are of far greater ini- 
jKirtance than the mere service of domestic and manufacturing needs, 

A tire service is an absolute rcfjuin^nient for safety from fire ca- 
l&iiiity; the water pressure for all purposes, save fire, n(*ed he no 
rreater than from 30 to 40 pounds per square inch; aUhonj^h much 
lligher pressures are in use, often to the detriment of house plumbing. 

The size of a reservoir is a matter of judgment, eomjmrable with 
fce volume and constancy of supply; hut in view of the variation in 
Itezisonal ndnfalh it should be ample for a week's supply in ease of 
loods t)eariiig mudily water, a drought, or the breakdowii of pumping 
ii:iaehinen\ 

I In great cities with scant water resources that are subject to 
irought-^, the r^erv'oir volume requires special attention as to storage 
opacity and re.^ourees, such a;^ now confronts tlie Greater City of 
Hew York, Nearly all large cities arc centres of manufacturing in- 
pU5tiy, and on that account require much more water than the re^ 
|uin^racnt for domestic scr^'ire. For domestic service alone, from 
to to 40 gallons per eajjila |»cr day ahi>ul covers the ran^e t>f con- 
sumption; Init in manufacturing cities and towns the consuniptiou 
md wa-ite range all the way up to near SOO gallons per day for each 
bdividual of the population* 

Where a natural water-supply by gravity cannot be made avail- 
able, the pumping system is in order, and for cities and large towns 
I well -organized steam pumping plant is preferal>le. There are 
tiumerous small towns thn^ughout the United Stales and in other 
bountne>< that should consider with favor the gas-, gasoline% or oil- 
engine proposition with a view to economy in a combined distribution 
ind fire system* The ready condition of the explosive pumping 
engine for starting makes it a valuable means for fire serv^ice; es- 
jpecially at night, w^hen pumping is usually suspended and with ex- 

Enil; while with steam power it takes time to start the pumps, 
199 
I 
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or Tmnked fires and watchfulness. Not only is a point in economy 
gained in the general running expenses by explosive power, but a 
constant readiness for putting a greater pressure on the pipe distri- 
bution by shutting oflF the reservoir or tower and pumping directiy 
into the main pipe supply. 



STAND-PIPES AND ELEVATED TANKS 

Where elevated positions' for reservoirs are not available, a stand- 
pipe or a tank on an elevated trestle is always a recourse with the 
advantage derived from free- 
dom of location, for which the 
economy in piping may in a 
way compensate in cost. 

Stand-pipes are generally 
built in plain vertical tubes 




Fig. 133. — Des Moines stand-pipe. 




Fig. 134.— Fairhavea tank. 
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witli open tops; but this plan is not recoramended» because of tlie 
exposure of Uie water to sunlight and it^ pollution by organic life. 

In Fig. 133 we illustrate an artistic design of a stand-pipe built for 
the Des Monies water- works, having a winding outside stairs » a gal* 
levy and observation balcony covend with a metallic roof. 
It is 100 feet in height and 30 feet diameter. 

In Fig. 134 is illustrated a most interesting model of an elevated 
tank from its extreme height and capacity* 

It is a cylindrical tank 35 feet diameter and 50 feet higlij resting 
on a stee! skeh^ton base 100 feet high and covered with a conical roof 
50 fcf't high, nniking a total height of 200 fet't; a sightly object of the 
Fairhaven, Mas.s„ water-works. 

The bottom of the tank is of conical form and provided with a 
slijj-joint ainnection with the flow pipe to avoid strain from dlflfer- 
tatial expansion and compression. 
%e esspan^ion joint is an essential 
feature ot every elevated tank* The 
one used on the Fairhaven tank is 
shown in Fig. 135, and consists of a 
cast-ir*>n flanged stuffing-box, riveted 
to the bottom of tlie tank; a com- 
{Mjsition gland through w4iich works 
a composition flanged piston l>ulte<l 
"to the 10-inch rising main. The de- 
Itailcd make-up of stand-pipes, tanks, Fitj. 135. — Exp^nsjon joint 

Mnd their framework are matters 

^f engineering experience too varied for the scope of this work* 
I The system of charging for water by meter measurement has vastly 
iiTi proved the conditions as to the waste in units of the per capita 
Consumption; sometimes as much as 70 per cent, has been saved. 
A curious revehitiun in n^gard to tJie actual use of water by meter 
flifferent families, was given us authentic in the following statement: 
"Tlie water used by £,553 families in Providence, R. L, was 
leasured for one year* Five persons counted to a family, make a 
total of 12^765 people. By actual measurement 



*' 167 families used but 6,15 gallons to a person per day, 
" !237 families ushI but 8,^0 gallons to a person. 
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"361 families used but 10.25 gallons to a person. 
'' 445 families used but 12.30 gallons to a person. 
''446 families used but 14.35 gallons to a person. 
'' 462 families used but 16.40 gallons to a person. 
" 435 families used but 18.27 gallons to a person." 

And yet we find American cities publishing the information, year 
after year, that their works are actually supplying 150 to 300 gallons 
each day to each person in the city! 

No less diversity of water consumption is shown by different cities 
than by the different families in a single city as noted in the following 
report of the per-capita consumption for different cities per day : 



GaUons. 

New York 100 

Chicago 100 

Cincinnati 116 

St. Louis 102 

Syracuse 101 

Paris, France 98 

Minneapolis 85 

Montreal, Canada 81 



GaUons. 

Louisville 80 

Milwaukee 80 

Glasgow, Scotland 64 

St. Paul, Minn 44 

New Orleans 37 

Liverpool, England 31 

Berlin, Germany 21 



The variation in quantity of water used per capita in private and 
apartment houses in New York is very great; from 40 to 90 gallons 
per day with an average of 50. The large draught due to the supply 
is caused by steam and factory use, stables, street watering, supply 
of shipping, and the leakage from street mains; which with other 
unknown wastage is above 1 19,000,000 gallons per day. 

The comparative effect from metering the water-supply is show^i^ 
in the following data: 



Lcxinfjton, Ky 

Utica, N. Y 

Fall River, Mass . . 
Buffalo, N. Y.... 

Pittsburg, Pa 

Camden, N. J 

Washin|[yton, D. C 



Per cent. 


Oallons 


services 


per 


metered. 


capita. 


99 


47 


96 


53 


94 


36 


1.6 


233 


.6 


231 


1.4 


280 
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Fig. ]:Ki,— Thompson meter. 



For tht* dwelling part of a town, provision Jrhould be made for at 
l^t 60 gallons per eapita per day, and the reservoir capacity* t^here 
the supply is limited, should 
be as much greater as tlie 
location and resourcest will 
ipermii, to tlie extent of from 
four to six times the dally 
^quirement 

The distributing system of 
town should be a subject 
judgment and rnghieering 
PMUttny hi the aUotmeiit of 
sizes of pipes accM:>rdii*g to the 
^lan of the town, its street levels and slopes; but in no case 
should less than a 4-inch pipe be used. 

The service distribution is a matter belonging to the expert plumb- 
ing trade, suited to dwelhng and factory plans, and h not suitable for 
detail in this work. 

The meter question, however, is in agitation and is being adopted 
in many places where the flow is not meeting the 
needs of population and waste. 

Fig* 186 whovvs a section of the Thompson 
meter, the measuring element consisting of a swing- 
ing disk movement on a ball socket, operated 
liy the flow of water, wliich rotates a vertical 
crank, spindles, and gear train and index hand. 
In the Union meter. Fig. i;)7, the water flows 
tlirough a rotary motor with equalizing gear, from 
which the dial pointers are driven by a clock 
train and counter. 
For measuring the fl4>w in large pipes the Venturi meter is in 
favor; it is illustrated in Chapter V* 

WATER HAMMER IN SKBVTCE PIPES 

The increased pressure in house ser\^ice pipes, caused by water 
[impact when faucets are suddenly closed and a water hammer in the 
pipes may be heard all over the house, is a source of danger and tn>uble 




Fm- 1S7.— Union 
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from the expansion and final bursting of lead pipes and the splitting 
of iron pipes and fittings, and shows the necessity of ample air- 
chambers at every faucet. The following tables, the result of experi- 
ments, show the impact pressure by the sudden closing of yarious 
sized orifices: 



Table XX. — Force of Ram Generated in a Line or Pipe Conbistino of 111 
Feet of 6-Inch, 58 Feet of 2-Inch, 99 Feet of IJ-Inch, and 4 Feet or 
1-Incu, Which Was the Outlet Pipe. 



-ifice of discharge 
in inches. , 


Velocity in the 1- 
inch pipe. 


Impact. 
Ham in pounds per square inch. 


j 


iHnch. 


J3 

e 

3 


Dead end. 


Distance from 2-inch. 


2Hnch. 


The same 
withai^ 
chamber. 


5 


32 ft. 


49 ft. 


07 ft. 




2 57 

5.36 

10.05 

19. «3 


72.8 
129.3 


72.4 
125.9 


70.8 
127.0 


70.3 
128.8 


14.5 
28.5 
51.7 


18.8 
42.2 
88.3 


16 8 










49 S 






1 









The dead end referred to in the above table was a continuation 
of the pipe beyond the point in the 6-inch, where the 2-inch was con- 
nected, and consisted of 70 feet of 6-inch, 66 feet of 4-inch, and 4 feet 
of 2i-inch, which was at the extremity, and located, measuring on 
the line of pipe, about 322 feet from the orifice of discharge. 

Table XXI. — Force of Ram Generated i.v a Ijne of Pipe Conbibting or 111 
Feet of 6-Inch. 58 Fekt of 2-Inch. 48 Feet of IJ-Inch. 3 Feet of 3-Inch, 
48 Feftt of IJ-Inch. and 4 Feet of I-Ixch, Which Was the Outlet Pipe, 



Orifice of dis- 

chtirge in 

inches. 



Ram in Pounds pkr Squark Inch. 
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•*^able XXn. — ^FoBCE OF Ram Generated in a Line of Pipe Conbistino of 182 
Feet of 6-Inch, 66 Feet of 4-Inch, 4 Feet of 21-Inch, 1 Foot of 2-Inch, 
7 Fei^t of li-lNCH, AND 6 Febt OF 1-Inch, Which Was the OuTLirr Pipe. 





Velocity 
in the 
1-inch 
pipe. 


Ram in Pounds per Square Inch. 


^rifioeof 
ctiBcharge 
x» inches. 


1-inch. 


li-inch. 


2Hnch. 


&-inch. 


With air-chamber. 




2i-inch. 


l>-inch. 


1 


5.39 

6.71 

10.02 

20.94 

43.9 


66.7 

76.1 

106.3 

177.5 


49.4 

61.5 

81.8 

121.5 


22.2 
35.6 
52.0 
99.0 
183.0 


4.8 

6.6 

15.8 

36.8 

80.1 










14.0 

38.7 

105.8 


12.3 
25.6 
65 6 











Velocities in feet per second. 



ON THE PREVENTION OF THE GROWTH OF ALGAE 
IN WATER SUPPLIES 

The fouling of reservoirs and conduits in water-works by various 
growths is a problem that has frequently to be dealt with by the 
water engineer, and although it has not attracted general attention 
this contamination of large volumes of water is often a serious matter, 
and several commissions have had to deal with this subject. The 
contamination frequently consists of one, or several, of the numerous 
algffi, many of which, besides causing the clogging of valves, and an 
unsightly appearance, are capable of imparting disagreeable odors 
and tastes. Trials have been made to destroy or inhibit the growth 
of the plants by the addition of a minute quantity of a germicidal 
substance to the water. Various reagents have been employed to 
prevent the dense, unsightly growths which have been found to 
consist largely of desmids and other unicellular algje allied to 
Protococcus. 

On a large scale metallic! salts such as those of iron or copper 
have been used. The employment of the latt(T in the form of cr}^stal- 
lized copper sulphate has met with a fair amount of success, the 
poisonous copper being subsequently precipitated as a basic salt, 
the coagulating effect of which often renders the finished water \qt\ 
clear and bright. 

In the experiments in this direction by Dr. G. T. Moore, of the 
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United States Agricultural Department, the quantity of crystallized 
sulphate required varied from 1 part per 1,000,000 to 1 per 50,000,000, 
while some waters did not appear to be amenable to the copj>er 
treatment. He found that the worst tastes and odors are most 
susceptible. In conjunction with Kellerman he recommends the 
following dilutions per 1 part of copper sulphate for the destruction 
of each organism named: 

Clathrocystis 8,000,000 

Coelospherium 3,000,000 

Microcystis 1,000,000 

Oscillatorire 5,000,000 

However, it has l^cen found that the growth of a conferva (a 
variety of Spirogyra) was inhibited, but by no means entirely de- 
stroyed, by the addition of 1 part per 1,000,000, in an English lake 
water. Some forms of algae appear to flourish especially in calcareous 
waters, and also in those containing quantities of free CO2. 

In the addition of the germicide to large reservoirs it must be 
remembered that the solution will diffuse dow nward and horizontally, 
any upward movement being too slow. At Newport (Mon.) reservoirs 
were successfully treated by trailing bags of copper sulphate across 
the surface of the water, the rate of solution being controlled by the 
thickness of the material enclosing the salt. Similar experiments 
at Gloucester water-works have })een successful in removing the 
spring growth from the reservoir. 

Aeration is a powerful agent in treating waters suffering from 
tastes and odors of growth and disintegration. Its effect has been 
most frequently noted with impounded reservoir waters which are 
later exposed to air and sunlight in another reservoir before the water 
is used by consumers. This beneficial effect appears to be accom- 
plished partly by a marked reduction in free carbonic-acid which is 
one of the sources of food for organic growths, and partly by agitating 
the water so that the living organisms then contained in the water 
are either killed or prevente^l from subsequently multiplying. 

Aeration of this type of water will also remove tastes and odors 
of decay present in the water when aerated. It will reduce but not 
necessarily remove satisfactorily the odors of disintegration and 
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odnrs uf dtMi-ay rt^sulthig from Uk- organisms io tlie water at the time of 
aeration* 

It shtmlil be noted that as in the case of carbonic-acid far more 
vigorous and thorough aeration is required to remove tastes and odors 
than is necessarj^ to salurate a water with nxy^en, and there are, no 
doubt J some tastes and odors which eould not be adequately removed 
hr any practical amount of aeratitwj. The violence of the contact 
between ttie air and ^\'ater seems to he important ; and a short, vigorous 
agitation with air often aa^oniplislies that whicli indefinite exposure 
of the surface of ?*till tjr flo\\ing water to the air fails to accomplish, 

Aeralion afTiH;ls the wati-r in a numln-r of way?^. It practically 
saturates the water wilti oxygen* and this is, of course, i>ne of the 
primary tjcnefits which is availed of in ininnection with the removal 
cvf irf>n from ground waters, Tld-i same featun; also comes into 
prominence in connection with the disc*>lorization of stagnant reservoir 
water. In the stagnant layer of a deep reservoir fennentations take 
place, especially in summer, whicti result in the sohition of consider- 
al)le amounts of organic* matter and also of mm in the ferrous state. 
This water can l)e aerated and filtered, therel)y en I i rely freeing it 
tn>m objeetional>le od«>rs of decay, and utilis^ing tlic iron to a sub- 
5t:irit]a] extent aji a coag\dant to remove the color and other oiganic 
nuitter in the water, atul so produce a water better and more acceptable 
in every way than could possibly have been obtained by fiUration of 
the same water l>efore stagrmtion and fermentation. It is only within 
the past few years that the practical significance of tliis proposition has 
tjcen fully appreciated. 



S O IT R C K S OF W A T B H FOR TOWN & U P P 1^ Y 



Lstoi 



The most important piint in the proposed instalment of a town 
water-w^orks is the sijurce and coufliticm of tlie water. I^ikes, ponds, 
rivers* springs, and wells have their special features of puritj^ and 
quantity which rcijuire the first consideration in the designing of a 
water-works; lakes are generally uniform in quality, but ponds are 
liable to he infested with vegetable growth an*l a river supply is 
not ni'liabk^ in purity; its high -water stiiges arc muddy and carry the 
storm-wash of its walerslied; in droughts it is sluggish and abounds 
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in vegetable and primordial life. Springs and wells, properly cared 
for, are assumed to furnish acceptably pure water. 

Aeration and filtration with in some cases a settlement reservoir 
built in two sections for cleaning are the means of obtaining acceptable 
purity from infected sources of supply. 

It is well kno^vTi now, among hydraulic engineers, that an ample 
aeration of water in reser\'oirs and tanks will prevent stagnation, 
check the growth of algse, remove the disagreeable odor from de- 
composing vegetable matter, and deposit the salts of iron that some- 
times per\'ade waters from iron soils or that have traversed long 
lines of iron pipe. 

Fig. 138 represents the pipe plan for aerating a tank 62 feet in 
diameter, 59 feet high, holding 1,300,000 gallons, at Brockton, Mass. 

On the bottom of the tank 
are three £-inch galvanized 
iron pipes branching from the 
main air-pipe with 39 branches 
of ^-inch and f-inch brass 
tubes perforated with J-inch 
holes, 3 feet apart; a check 
valve in the main pipe pre- 
vents the water going back 
to the air-pump when not in 
operation. A duplex air-com- 
pressor 7iX9X9 inches, fur- 
nishes 172,000 cubic feet of 
free air in 24 hours. By this 
means the water is thoroughly 
agitated and aerated, doing away with its former odor and taste. 
Another method of aeration of water is by pumping air directly into 
the main at the pumping-station or into the delivery main from a 
reser\'oir. 

Cascades, fountains, the introduction of air to conduits, artificial 
falls, thin films of water passing over large surfaces — ^in fact any 
device that will permit the air to mingle with the water, give new life 
to the waters and death to organisms. 

The plan adopted l)y the I'tica, X. Y., Water Company is 
on the fountain principle, discharging the water under pressure 




Fig. 138. — Water-tank aeration. 
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Ihmugli a sericii of pipes in a shallow reservoir, shown in Figs. 139 
and 140. 



' /-- 



m- 



Fiti. 130.— AeratioQ at the Utica water-w»rks. 



A sintHar system with four jet pipen equal to thi* capacity of the 
supply pipe b in operation at Fre^h Fond reservoir, Cambridge, Mass. 






i'0^^7. 



^^^..^..^.ii.i.^uf ^.^iSmi^&ijg/g^j^^ 




Fig, 140* — Aeration pipe sjsterii, UHca vviitcr-wttrk^ 



Tlie jets are thrown 40 feet into the air and bv so atomizing the water 
it becomes throrcjughly aerated. 



SETTLING BABINS 

When the source of water-supply Is from streams subject to storm- 
wash, it^ turbidity is mostly composed of fine sand, loam, and silt 
raised from the de[x>sit in the stream at low -stage flow* In such cases 
a settling reservoir of an elongates! plan, or a canaU is needed that 
the influx may have time to deposit its holding by a slow passage 
through it, A ditch large enough to convey the required supply of 
water slowly, say 1 foot per second at its head and increasing in area 
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to a flow of 1 foot in ^0 set-cm tls at the discharge end, which should 
terminate in a broad, Ihin streana from the surface only, and so ff^ed 
a filtering system if such is needed. 



FILTERING SYSTEMS 



The simplest forms of water-purifying devif**s for town supplies 
are what is knoi^i^^ as filter wells, filter galleries, and filter cribs. A 
filti^r well is a cur\*ed hole in the sand or gravel on the banks of a river, 
drawinf,^ its supply liy filtration from the river, A filter ^aller^- is a 
series of drains of unglazetl drain-pipe laid in gravelly soil on spring)^ 




FjG, 141,*— Filtering well, Nantes, Km nee* 



land or beneath the low -water level on the banks of rivers lor gather- 
ing the filtered water from larger areas than a well flow. Filter cril>s 
are intakes in lakes or rivers, anchored in place and covered with 
gravel and sand. 

An example of a filtering well built on a sand bank in the river at 
Nantes, France, is shown in Fig. 141. 

During a whole year the water from this well showed no color in 
thin layers with a bluish color in deep strata; was absolutely limpid 
and of agreeable taste, with no odor, and equally pure at all stages 
of the strt*am. 
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A FILTER BA3IN 

Thesouix^e of water-supply at Nantucket is a natural pond of about 
eight aeres in extent and 14 feet in tlcpth, having neither surface inlet 
nor outlet, and a very small area of shallow flowage, the shores being 
quite bold* The shores and vieinily of the [x>nil arc clean, and there 
is no pojisibihty of sewage contamination, there being but one house 
within one-half mile of the pond» and the nearest houses of the town 
being more than a mile distant- The poiul is fed mainly by .springs, 
and the water has always been of very gtxid quality, except in the 
autumn of certain years, when it has been infected with a growth 
of Anaba^ta, 

The plan is a circular basin about (U d^t diameter at bottom and 
6 feet deep, formed by a level clay-puddle bottom I foot thick* and 



^VAi3itiic.'«airt t^3nd 




Fto. 142.— Filter of the Nantucket water-works. 



in embankment of the same material liaving sh>|)cs of 2 to 1 and a 
^op width of 3 feet. Clay puddle was made of 3 parts clay and 1 part 
■ smnd. In tlie centre is built a circular brick collecting well* 15,25 
■feet diameter inside and 8 feet deep, having a dome-shaped roof built 
of wooden rafters covered with hcavj^ laths, which were plastered on 
the outside, and small stone emlicdded in the cement plastering, to 
make an artistic finish. The bottom is concrete, w^aler-tight. 

On the bottom and inner slope of the basin was spread a layer 
of sand 1 inch thick, to prevent the moving water from coming in con- 
tact with the clay. Then on the bottom is a layer of round and 
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broken stones about 2 feet thick, in which are embedded four lines 
of 12-inch vitrified pipe tees, radiating from the well, and from each 
branch tee lines of 4-inch vitrified pipes to receive and conduct the 
filtered water into the well. These pipes are all laid with a slight ris- 
ing grade from the well, and the joints were packed with one turn of 
tarred yam, loosely put in, and each joint was well covered with 
gravel. 

Above the broken stone is a 6-inch layer of gravel, and above that 
the filtering sand, which was put in in three layers, each rolled with 
a stone roller, the depth when finished being from 12 to 16 inches. 
The surface of the sand is level and has an area of about 4,600 square 
feet. 

Aeration pipes are laid from an air-compressor in the pump house 
for aerating the water in the collecting well. 

Pond water is pumped through a 6-inch pipe to the surface of 
filter and kept at a depth of 12 to 18 inches above the sand. It is in- 
tended to filter at the rate of five gallons per square foot per hour. 
The filter, during the months it is in use, is always full of water, but 
filtration is intermittent, depending on the times of pumping from it. 
Filtered water is drawn from the well by an 8-inch pipe, the pumps 
being 300 feet distant. 

Some trouble was experienced in August from odor, which was 
probably caused by the excessive temperature of the pond water (74*^ 
F.) and by exposure to sunlight in a 50,000-gallon tank nearer the 
town to which the water was pumped at intervals. The constant and 
slow operation of such a filter is faultless, if sunlight conditions can 
be avoided by covering both filter and tank. 



FILTER REGULATION 

The modem apparatus for regulating the velocity of filtration has 
been an evolution from the simple valves operated by hand, brought 
about by the increasing knowledge of the action of filters and of the 
conditions for most perfect operation. They may be divided into two 
classes — those operated entirely by hand, relying on the judgment 
and watchfulness of the attendant, and those which are automatic in 
their action. 
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Fig. 143 shows a seetiun of an autamatic filter regulator as in use 
in KngJand and Jajmnt 

The prineiple on which it acts is that by so regulating the height 




Fig. H3.— TelpM^jpir filter ffgiilaton 



of the top of the telescopic pipe that a constant depth of water flows 
over its edge, a rxinstant discharge is insured, and therefore a con- 
stant velocity of filtmtion. This can be secured by screwing down the 
top of the pipe as the resistance to filtration becomes greater witli the 
increasing thickness of the sedinient layer. 



To F' 






FJt<-r«.d Wiif^ 



Vertically 

Wevmg W«if 




m^ 



Fig. 144.— Gflie regukior. 



Another regulating device was long since proposed by Kirkwood, 
^^jnsisting of a weir which could be raised or lowered until the proper 
Quantity would flow over it* This is shown in Fig* 144 and needs no 
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Chain Pasees Over Pulley 
and Carries CounterweigM 



comment further than to commend the keen insight of the distii^^' 
guished engineer into the true principles of the efficient operation o^*^' 
filters long before the general engineering public was able to appreci -^^' 
ate his work. 

The floating-gate filter regulators are much in use in Europeaic:"^*^ 
water- works, of which a type is shown in section in Fig. 145. OU^ ^' 
these the filter head is regulated by the height of the filtered-water:^i- '^ 

reservoir within fixed limits ovei -^r 
the assigned head fixed by screw—*;^ 
or weights. 



In the weighted type a tele- 
scopic joint of pipe with vertical 
slits around the periphery at the 
top is suspended from a float 
These floats swim on the surface 
of the filtered water as it comes 
into a closed chamber from the 
underdrains. The only outlet from 
this chamber is through this telescopic pipe, which connects with a 
conduit leading to the filtered-water reservoir. If the top of this 
pipe is kept at a constant depth below the surface of the filtered 
water a constant flow will be established. 

In the apparatus, Fig. 145, the relative position of float and pipe is 
fixed, but the depth of immersion of the float, and therefore also of 
the pipe, can be altered by loading or unloading a counterweight at- 
tached to the chain shown, which passes over a pulley overhead. In 
either of these arrangements the discharge from the beds is free, and 
the difference in level between the water in the chamber and in the 
filter adjusts itself to the increasing resistance to filtration automat- 
ically. 




Fig. 145. — ^Floating gate. 



DOMESTIC FILTRATION 

The filtration of turbid water from many town water-works and 
private supplies from rivers and ponds often becomes a necessity for 
domestic use. 

We therefore illustrate some of the devices applicable to hotel 
and household use. 
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Fig. 146 illustrates a hotel filter taking its supply from a town or 
'ate water-works* It m reveniible, having a double diaphragm 
d with filtering material sn arranged that the water enters at the 
and is discharged at the iKrttom, passing both ways through the 
inions. By reversing on the trunnions, the sediment may be 
bed dowTiward and out thnmgh the op|KKstte trunnion to the 
er-supply. 
Fig, 147 repn^eiits a Uiost desirabk' adjunet of household com- 








FiQ. lie,— Reversible filter. 



Tui. U7.— Filtering ctstem. 



in a large part of the United States and in other eoun tries where 
situation requires the use of rain water for domestic use. 
The rain water is caught in a flat basin with gravel and santl 
^d on a perforated floor and drained into the cistern. The pump 
p is fixed to the perforated diapbmgm of a two-ehambered metal 
n<ler, the upper section of which may be filled with a bed of sand 
I charcoal in layers. 
In Fig. 148 Ih ilhistrate^l the details of an upward-flow filter, which 

imade large enough to supply the water for a steam plant of 
■ Fic- 148.— Upward flow 6tter. 

ieient purity for boiler use. A perforated floor is made of any 
ired filtering capacity and charged with layers uf gravely coarse 
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and fine sand, with an infiow and overflow, as in the cut A washout 
oullel should be made in the bottom of tlie lower campartmeDt. 

To make a filter witli a wine barrel, procure a piece of fine brass 
wire doth of a she sufficient lo make a partition across the barrel. 
Support this wire cloth with a coarser wire cloth under it and also a 
light frame of oak, to keep the vnre cloth from sagging* Fill in upon 
the wire cloth about three inches in depth of clear, *iharp sand, then 
two inches of charcoal broken finely, but no dust- Then on the char- 
coal a layer of three inches of clear, sharp sand» rather finer than tlje 



I 






Fig. 149. 



Fig. 154>. 
Domestic Miters, 
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first layer. All the sand should be washed clean before charging the 
filter. 

Fig. 150 shows a .stoneware filter for household use^ The lower 
jar i:* for storage of filtered water. The upper jar has a hole filled 
with sponge that filters the dirt out; beneath, a bed of charcoal on a 
porous stone or earthen plate. 

Fig, 151 represents a home-matle house filter composed of two 
stone pots or jars, the bottom one being a water-jar with side hole ; if 
no faucet can be used, the top jar can be removed to enable the water 
to be dipped out. The top jar must have a hole drilled or broken 
in the bottom, and a small flower-pot saucer inverted over the hole. 
Then fill in a layer of sharp, clean sand^ rather coarse* A layer of 
finer sanfl, a layer of pulverised chan^>al with dust blown outj then a 
layer of sand, the whole occupjdng one-third of the jar. 



CHAPTER IX 
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WHLiia AND THEIR REENFOKCEMENT 
SPRINGS AND UNDERGROUND WATER-WAYS 

The onlinary well, so much in use for domestic water-supply, 

has its failings in lirnes csf drought. Any means for restoring the 

water-supply, available by the village houselu>l<ler, the farmer, aad 

the ranchman on the arid plains, are devices worthy of recTird. 

No less is its value worthy of considerattou fur the relief of water- 

w orks supplied from lai-ge wells. 

In Fig. 152 is illustrated a mHho<l of rcen forcing a deficient 

well In a sandy or gravelly soil. Where a well biittom rests on 

rock, driJling to greater depth is probably the only recourse. 
In onlinary situations a well 

may be deepened by driving a 

cj^Under made of galvanized sheet 

iron with its sides punchetl by a 

thin chisel, as shown at the left in 

the cut* Tins can be pushed down 

in the centre of the well and the 
■ sand bore<l out with the sand 

augur sliowTi at tlie st^cond figure 
— in the cut* The siind augur of 3 
H inches in diameter and the .strainer 
^kof 0-inch diameter arc sufficient 
^m for ordinary needs. 
^^ A drive strainer tube, as shown 
^Tat the right, may be driven for 

greater depths and the sand draMrTH 

I with an augur. 
The great well of tlie Long 
Beach Improvement Co., at East Ro^i^kaway, L. I., 22 feet deep 
and 40 feet in diameter, on a bottom of quicksand, is a notable 

147 




o 

Fig. 159.— I>cep«iin^ a ttcIL 




148 



HYDRAULIC ENGINEERING 



instance of the rnlargcnieiit of flow of water into a welU Thr"^^ ^^ 
reenforcement was made without for a moment disturbing or^ ^^^ 
interfering with the constant and necessary supply of water for"«^^^i' 
the use of the great hotel at Long Beach, and at the height of^ *^f 
the season, a time when a day's susjKiision of the water-s^upply^'i^.ty 

would have been disastrous. In ^rmin 
this well, as shown In Fig. 153, two m—m^ti 

pointed strainers, 6 inches in inter *^- 

nal diameter, were sunk to a depth .^::Mh 
of 30 feet below the bottom of the -s^^ e 
well, over 50 feet from the surfuf^^^^^ 
of the gn>und» passing through a^^^s^ 
stratum of clay at a depth of 8 feet^* ^t 
below the bottom of the well, and^-^ 

entering a sul>stratum of water 

bearing sand, which is supposed lo^cr^ 

be fed by the rainfall on the cen- ^' 

tral part of Long Island, judging^^^^^ 
from the fact that the clay stratum .m:^^^ 
crops out at Peai^aU's and along -^^^ 

the line of the Brooklyn water -^^- 

works ei>nduit- 

Upon trial, the pressure from 
the new source of supply raised tlie 
water in the pijw^s 4 feet al>o%*e the 
water surface of the well. The tops 
of the reenforcing pipes were left ^ feet above the bottom of the well, 
and indicated a strong flow when the surface of the water was pumped 
down witliin a few inches of their ojx*n ends* The output of the well 
was doul>letl, the supply ca}>acity rising to 130^000 gallons per day. 

The lai^ge well of the Lawrence Cordage Co*, in the Wallabout ^•^ ^ 

quicksand, Brooklyn, which was in progress? of filling up by the move- '^" 

ment of the quicksand from the excessive pumping of water for a con- ^, 

densing engine, was rescued by a single pipe strainer of 8-inch diam- 
eter driven to a depth of 18 feet lielow the l>ottom of the well, with its 
upper end about a foot alKive the quicksand bottom. The flow was 
lai^ly increased, and became equal to the requirement for all pur 
poses. 




Fig. 153. 



-CI peat well. East Rock- 
away, L. I. 
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The great well in Prospect Park, BrDokl>Ti, liaving a (iiamt^ter uf 

[■St) tvvt and a deptli of 54 feet to tlie \vater-*^urb, which is 10 feet deep 

M' 35 ff*et diameter, as illust rated in Fig, 154, m probably the most 

mi que well in existentx^ in the peculiarity of its connection with the 

^tfp- water vein of Long L^land. It is a model of ^vhat caa be don6 

in the reenforeement of a large %velL It was at first reenforeed with 

perforated tile pipe, <1 riven horizontally around tlie water-curb, as 

shown in the eut. This wa^i done to relieve the water pressure from 

l>evond the w^alls, wiiich had 

€!aused a flow over the floor 

& cif the curb bench, w^iich is 

^^"7^ feet wide betw^een the 

^Rttasn curb and the water- 

W curb. This gave a greater 

area over tlie water-way, but 

was not a sufficient reen- 

Iforcement for the increas- 
ing requirement of the Park 
water-works, as the practi- 
cal working of the w^ell in- 
dicated; for aa the surface 
of the water was pumped 

I down to and below the open 
ends of the pipes, the flow 
from them gradually les- 
sened, and finally ceased 
altogether, at a time when 
water was most needed, A 
f u rt he r r eenf orcen i c n t was 

I made for the pur]>ose of 
obtaining water from a 
deeper source by driving 
four strainer pipes, 4| inches 

internal diameter, to a depth of 20 feet below the bottom of the well, 
I with open tops projecting 1 foot above the bottom. In addition to 
this, four strainer pipes, 6 inches internal diameter^ were sunk through 
the bench floor between the curbs to a depth of 30 feet. These pipes 
Were connected directly to the pumps, with valves so arranged that 
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154. — Great well of tin- lVo^i>t'< 
water-works, Brooklyn, N. Y. 
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the suction could be taken directly from the well, or from the £< 
large driven pipes. Thus, in a dry season, or when more wat&jr^ b 
needed than the well pump can supply, the direct pump connect:£-'On 
with the deep-driven pipes will allow of the well being pumped enti ■ mr^lj 
dry, and the water-line can be carried many feet below its bottom. 



DRIVEN WELLS 



.e 



The system of obtaining water by one or many driven well^ ^ 
much in vogue, and undoubtedly furnishes a purer water than can. ^ 
obtained from open wells in the same locality. The possibilities -^ot 
a restricted depth for an increased volume are in favor of the mum^'^' 
driven system or, for greater depth, by the wash system by which w^^^^ 
have been sunk to a depth of 700 feet. 

The driving of a well pipe as ordinarily done is by a large meJJ^ 
or ram striking an iron cap screwed to the top of the pipe, but an i*3i- 
proved method is shown in Fig. 155, in which a damp is stron^^v 
bolted to the well pipe on which the wei^J" 
strikes to drive the tube. A clamp and -ir^^^ 
sheaves are bolted at the top of the tube y^^ '^^ 
ropes rove through the sheave blocks and m»-^^^ 
fast to the weight for raising it. The weight 
hollow, and rides loosely over the tube, 
clamps are raised as additional pipes are scre^' 
to the well pipe. 

The bored pipe system for driven wells ccf^ 
sists of an open bottom to the pipe below 
strainer and the forcing of a strong stream 
water down the pipe, which floods the outsi^ 
of the pipe with water and the discharging sa-X*- 
Small obstructions like bowlders will be wasb-^^^^ 
aside, and by rotating the pipe slightly witt*- 
steady pressure, a well may be sunk at the T^^ 
of from 12 to 15 feet per hour. The bott<^^"* 
section should extend below the strainer to aO^^^ 
of plugging by dropping a heavy cylinder of iron or stone that ea^^ ^ 
closes the inside of the pipe. 

The reenforcement of water-works by driving tube wells t<^ 







Fig. 155. — ^Driving 
device. 



DRIVEN WELLS 



151 



T depth and through an underlying day strata has made a sen- 
I in water-getting by examples at Jameco, L. I., and many other 
( in the United States. In such cases the air lift is resorted to 
staining a laige flow from great depths. 

herever the water-table is within 20 feet below the ground sur- 
the direct draught from a pump with small clearance space in . 





a. 156. — ^Plan of vacuum system. 



Fig. 157. — Gang chamber. 



rlinder is used for raising the water and forcing it to the stand- 
>r reservoir. 

be independent vacuum system is also in use by which an air- 
► exhausts the air from a receiver which is connected with the 
wells, thereby drawing the water into the receiver, from which 
)rced to the stand-pipe, reservoir, or into the mains by a separate 



Fig. 156 is shown a plan of this system, and in Fig. 157 the 




Fig. 158. — Elevation, pumping plant. 

od of connecting the driven tubes with a common chamber, and 
5. 158 an elevation of the tank and connections. 
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BORED WELLS 



The boring of wells for water-supply by the drop-drill method 
hsm been in use from time immemorial in China and at depths more 
than 1,000 feet. This system appears to have been unknown in 
Egypt, Palestine, and in Europe in the eariy historic ages. In the 
province of Artois in France bored wells have been noted since the 
twelfth century and are probably the oldest in Europe; h^ice the 
name artosian or artesian was probably derived. 

In choosing the location for a deep-bored well, the first consider- 
ation is that of the geology of the district and the nature of the under- 
lying rocks as to their water-bearing quality, and for this purpose 
there is no better reference than the geolc^cal reports of the State 
or a communication with the United States Geological Survey at 
Washington. If the underlying rocks are observable it may be 
briefly stated that the light-colored sand rocks are generally free- 
flowing and the new red sandstone at great depths is charged with 
unpalatable minerals and iron. 

The magncsian and other limestones yield scant supplies even 
at great depths with occasional exceptions. The gneiss and its over- 
lying contorted dolomite are unsatisfactory and have given dry wells 
at 1 ,500 feet in depth. The Wheeling, W. Va., well is dry at 4,500 feet. 

Wells located near the seashore have their water planes affected 
in sympathy with tidal action to a considerable percentage of the 
tidal range, according to their distance from the shore. 



SPRINGS 

Springs generally originate at the depressed edge of a water stratum 
lying upon an impervious bed of rock, clay, or hard pan, and are most 
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in cvitWnce along the banks of streams, to whkji ihiy are ibi* con- 
stant tributaricia, Tliuse that are lot^atetl at an elevation to give a 
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ire head for hou^sehtild service should be appreciated and eared 
for in order tt» prt*.serve their purity of flow, by walling and covering 
to prevent the possibility of con- /- 

lamination. 

A typical example of a cham- 
bered liillside spring is shown in 
Fig* 161, which should be large 
enough for a per*Jon to enter through 
tlie trapdoor for inspection and 
cleansing. 

It is composed of a well of 
dressed stone or glared brick with 
arched roof; an overflow leailing to 
a drain -pipe; a plug cunnectiiin with the drain-pipe for washing 
out the well, and the outlet pipe capped with a cylindrical screen- 



r^ 



Fig. 161, — Chambered springs 



THB DEPRESaiON OF GBOUND-WATER LEVEL 

It has been determined experimentally that the depression curve 
of the ground- water surface made by pumping from open wells or 
driven wells of any depth may begin at from 200 to 400 feet from the 
well- Hence the natural fall of tlie ground water of a large area 
may be so changed by the eJtcessive volume of water drawn that 
neighlKiring wells may l>e affected to even drjTiess, and that the water 
of a near-by pond may be drawn upon by filtration. 
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In this way small streams and rivers may be made the source of 
supply for water-works. , 

In Fig. 162 is shown a graphic ideal section of these conditions, in 
which an ordinary well may become dry and be reenforced by a 
deeper driven well when the depression has been caused by a deep-well 
pumping plant. 

This effect is greatly increased in water strata of fine sand in 
which the mai^in of depression may be small, but in coarse, free- 
flowing gravelly water-ways it may be extended many hundred feet. 




Fig. 162. — ^Effect on depression of water-table by excessive pumping. 

Springs from which the water must be pumped should have equal 
care as above described and are often built on a scale serving for a 
cold-storage room. 



SANITARY CONDITIONS 

Too much care cannot be exercised in the location of wells. Not 
infrequently are wells located on the borders of sloughs, the waters 
of which are stagnant in the summer season and are heavily charged 
with organic matter. Fig. 163 shows a well so situated. While these 
sloughs are always lined with very fine sediment that is largely im- 
pervious, more or less water is able to pass through it into the ad- 
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jacent sand. The drawing of water from a well situated as shown 
in Fig, 16S, lowering the .surface of the water in the well below 
that of the slough, invites the drainage from the slough toward the 
weU. 

In cases where, as a matter of convenience, it becomes desirable 
to locate a well near a slough, it should under no circumstances be an 
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Fig. 163.— Wdl neur a slough* 



open one, and whether drilled or bon^d shinild go to such a depth be- 
low tlie bottom of the slough as to be out of reach of the downward- 
percolating, organic-charged waters. 

When driven wells furnish water heavily charged with iron and 
organic matter the pif>e should be pulled and driven elsewhere. 

In no region ^houhl wells be located in barnyards or near other 
sourer of surface pollution, except with intelligent advice. In a 
hilly region the surface drainage and straligraphie conditions may 
be such as to permit a properly constructed well to be so situated; but 
in tile lowlands, where there is but little, if any, surface drainage and 
the soil is porous, permitting the water freely to percolate downward, 
-that practice cannot be too strongly condemned. The watering- 
. places for barnyard fowls and the wallows for hogs are often 
immediately about wells from which water is used for drinking. 
Such disregard for sanitary conditions is excusable only among the 
most ignorant. The U>cation of wells near cesspools and privies b 
one of the uaoal dangerous conditions for generating tj^hoid fever 
and malaria^ 

The underground flow of water toward some lower level, and 
along the sea-coast toward the sea, has been made a subject of in- 
vesUgatiott by the United States Geological Survey with the result 
that the flow is constant vdih a velocity of from 1 to 100 feet per 
day, according to the slope and open condition of the sand or gravel 
in the water stratum. 



136 HYDRALXIC ENGINEERING 



BLOWING OR BBEATHING WELLS 



> 



The phenomena known as blowing or breathing wells have bee- — -^ 
noticed in many parts of the United States, chiefly in the Central an- d 
Western States. The movement of air into and out of these wells l^^m 
due to variations in the pressure of the atmosphere, as shown by th— ^ e 
barometer, and its intensity is due to the freedom of air passage in thw ^? 
coarser sands above the water-table. The dry soil of the earth is s=3 
huge lung with a possible capacity of one-third of its volume in whict — i 
the air moves into and out with ever}' change in the atmospheric:!:? 
pressure. The coarser the subsoil, the stronger the breath. Caverns^ 
exhibit the same phenomenon to a marked d<^ree. 



ARTESIAN WELLS 

Artesian wells generally include all deep-bored wells, either spout— 
ing, flowing, lapsed from overdraught, or those in which the water ha^ 
never reached the surface. Others are dry wells such as the one at 
Wheeling, W\ Va., nearly 5,000 feet deep, and one in Germany^ 
claimed to be 8,000 feet deep and terminating in a bed of salt SfiO(P 
feet thick. 

The artesian well districts most noted in the United States are as 
follows : 

1. The wells of the Red River Valley in northeastern North 
Dakota. 

2. The wells of the James River Valley in the two Dakotas (North 
and South). 

3. The wells of the Yellowstone Valley at Miles City, Mont 

4. The shallow wells in the drift formation on the eastern side of 
tlie two Dakotas. 

5. The wells of northern Nebraska. 

6. Four groups of wells in southwestern Kansas. 

7. The wells of the La Poudre, Denver, and Pueblo basins in. 
Colorado. 

8. The Fort Worth and Waco groups in Texas. 

9. The wells of New Mexico. 
10. The wells of Wyoming. 
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Ai^ might lie expei^ted, tUv wells in the various groups tlerive their 
ow fn>m fomiatioLis of ver\' iliiFercnt geulugic ages. FrtiiTi the latest 
o tile oldest the^e are: the glacial drift, tcrtiar}' formalioriiii, Laramie, 
l>ak«>ta 8ari<ist(me, and TriasHie ** red beds/' The shallow wells in 
tiie eastern part of the two Dakotas are supplied from the ^laeiEl 
4infi. In the Denver basin, and in and for some dlstanee ea^t of the 
|c'ity, the wells .seem, generally, lo draw water fmin the Arapahoe, a 
•fertiHrj" formation. Then:* is one well in Denver, that at the court- 
liou^e, whicii extenrLs to the Laramie, a cn^taeeous formation. The 
^"hole of the James River gnaip draws from the Dakota sandstone. 
It is thought that this formation exteiid?i s<mth into northern Neliraska 
uud gives rise to arti^iun eontiitions ttiere. It h stated that on the 
nWstem sides of the Blaek Hilk, in Wyoming, the Dakota sand- 
latones yield flowing welb of saJt water, with oil and natural ga^ pres- 
ent. In stjuthwestern Kansas and just over tlie hue in Colorado a 
jrmup of wells less thHti SOi} fwt deep are also supplied from the Da- 
kota sandstones* This stone also crops out in midcjle Kansas and 
eastern Nebraska, giving evidence of artesian conditions, but it is 
thought their supply (H>mes from local breaks rather than fnim the 
outcrops In the Rocky Mountains, as is the ea^se in the James River 
jfitiup^ In another part of southwestern Kansas, northeast from 
Meade Center, in the upper valh*y of Crooke^d Creek, a group of wells 
derives its supply from tertiarj' grit. At Ijamed, Great Bcntk and 
in Morton County, near the Colorado line, the wells tap water in 
the Triassic *'red befls." 

The United States Geological Survey has made an attempt to 
enumerate the artesian wells of tlie Western States, but we fear that 
it falls far short of the present number. The n^'ports cover the fol- 
lowing enumeration: 

Onr* hundred and fifty high-pressure wells in the Dakota Imsin, 
ineluding, with tliose in the Dakotas, the few in the Yellowstone 
Valley of Montana; several hundriHi flowing wells in South Dakota^ 
^%idently not conneete4l with tlie great Dakota basin; over a thousand 
Hnail (lowing wells in the Red River group; in northern Wyoming 
W Ho wing wells; in the central section of the great plains, from the 
iu\r\\u*rr\ bfuindarv' of Xebmska to the southern bouTuhm^ of Indian 
'ut ^(H) flowing wells, witli severed hundred more in 
*ies but dtjcs not reaeh the surface; in Colurada* at 
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least 250 flowing wells in the Denver group and 100 non-flowing, to- 
gether with 12 wells at Greeley and 8 at Pueblo; at Florence and 
Cafion City, Col., several heavy flows have been struck in boring for 
oil; in Texas nearly 700 flowing wells are referred to by Field Agent 
Roesler. We have here, enumerated by Mr. Hinton, in his review 
of the reports of the various agents, a total of 2,360 flowing wells, 
with " several hundred " additional flowing wells in South Dakota, 
100 non-flowing wells in the Denver basin, and other non-flowing wells 
not enumerated. These figures would indicate that there are in the 
area investigated at least 2,500 flowing wells. The number of non- 
flowing wells cannot well be estimated. ^ 

Outside of the area under consideration, in notes and incidental 
references, wells are mentioned as follows: 

Over 2,000 flowing wells in the San Luis Valley, west of central 
South Colorado, all sunk within the past few years, and mostly in 
the year 1889-90; about 2,000 flowing wells, of small bore, in Utah, 
in the region of Salt and Utah lakes, with water rising from 2 to 5 
inches above the top of the casings; 67 flowing wells in Nevada; 
2,000 flowing wells in the San Bernardino basin, California; 200 flow- 
ing wells at a high altitude, in Sierra County, Cal. ; 100 flowing wells 
near Tulare Lake, Cal.; 40 large flowing wells in Kern County, Cal., 
just south of Tulare Lake, within a radius of 10 miles, and with an 
average daily flow of about 600,000 gallons. The number of welk 
just named is about 6,400, which, with those in the area to which 
the investigations were confined, makes a total of nearly 9,000 flow- 
ing artesian wells in the Western United States. Some of the figures 
given are probably estimates, but, on the other hand, it is likely that 
some groups are omitted. Were figures available for non-flowing 
artesian wells, we would have a much more surprising total, but one 
wliich it seems useless to estimate. 



CHAPTER X 

THE AIR-LIFT METHOD OF RAISING WATER 

The air-lift pump is said to have been invented in the eighteenth 
century and in use at Freiberg, Saxony. Siemens in England experi- 
mented with the air-lift in the middle of the nineteenth century, and 
it was patented as an air ejector by McKnight in 1864. The prin- 
ciple of its action became a theme with Dr. J. G. Pohle, and to whom 
two patents were issued, Nos. 338,295 and 347^196, covering the sys- 
tem of elevating water by admixture of air under compression suit- 
able for the height that the water was to be raised. This system, 
however, required a depth of water in the well more than equal to a 
beight to which the water was to be lifted. 

The original Pohle system has been modified and improved with 
a. number of patents on special points in the system with small gains 
in eflSciency. Dr. Pohle also introduced compounding or stage- 
lifting, which has been made available to such an extent that it is 
now possible to lift water to great heights from an ordinary sump in 
a mine or from ordinary wells. 

We iUustrate in Fig. 164 the receiver, air and lift pipe as usually 
operated in deep wells, in which the pressure in the air-pipe must be 
greater than the hydrostatic pressure of the water at the bottom of 
the pipe, and in quantities sufficient to make the ascending column 
of air and water in the flow-pipe lighter in its total height than the 
weight of an equal column of solid water of the depth of the well 
from the surface of the water to the bottom of the pipe, thus making 
this principle in pumping water essentially a differential gravity 
system. 

The air-lift pump proper consists of only two plain open-ended 
pipes, the larger one with an enlarged end-piece constituting the dis- 
charge pipe, and the smaller one let into the enlarged end-piece of 
the discbarge pipe constitutes the air inlet pipe, through which the 
compressed air is conveyed to the enlarged end-piece to the under 
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side of the water to l>e raised. No valves, buckets, plungers, rods,*, 
or other moving parts are used within the pipes or well. 

In pumping, compressed air is forcefl through tlie air-pipe into 
the enlarged end at the bottom of tlie water-pipe; thence by the in- 
herent expansive force of the compressed air, layers or bubbles of 
air are formed in the water-pipe, which lift and discharge the water 
layers through the upper end of the water discharge pipe. At the 

bi»ginning of t!ie 
operation the water 
surface outside of 
the pipe and the 
water surface in- 
side of the pijK' 
are at the same 
level; hence the vertical pressures per square 
inch an* equal at the submerged end of the pipe, 
outi?ide and inside* As air is forced into the 
lower end of the water-pipe, it forms alternate 
layers with the water, so that the pressure per 
i^quare inch of the column thus made up of air 
and water, as it rises inside of tlie water-pi pe» is 
less than the pressure of water per square inch 
outside of the pipe. 

Owing to this difference of pressure, the w^ater 
flows continually from the outside to withhi the 
water-pipe liy gravity force, and its ascent through 
the pipe is free from shock, jar, or noise of any kind. 
These air sections or strata of compressed air fonn closed IxMlics, 
which, in their ascent in the act of pumping, permit no slipping or 
back flow of water. As each air stratum progresses upward to the 
spoui, it expands on its way in proportion as the overlying weight of 
water Ls diminished by its di.^ charge, so that the air section, which 
may have been* say, 50 pounds per square inch at first, will be only 
1*74 pounds when it underlies a water layer of four feet in length at 
the spout; until finally this air section, when it lifts up and throws out 
this four feet ^^^ water, is of the same tension as the normal atmosphert*; 
thus proving that the whole of its cnei^y was used in work, and that^ 
tills pump b a perfect expansion engine. 
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Fio. 164.— Air- 

lift jmriip. 
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As the weight of the water outside of the discharge pipe (the 
head) is greater per square inch than the aggregate water sections 
^nthin the pipe when in operation, it follows that the energy due 
to this greater weight is utilized in overcoming the resistance of entry 
into the pipe, and all the friction within it. 

The Pohle "air-lift" pump has been found to give above 80 per 
cent, of efficiency from the air receiver in water-pipes of large diam- 
eter, and, as a rule, above 70 per cent, in small-sized pipes. The 
efficiency from a steam-driven compressor is much lower, say from 
50 to 25 per cent, of the horse-power expended for compressing the 
air. It retains this efficiency without repairs, or until the pipes rust 
through, whereas ordinary bucket-and-plunger pumps gradually lose 
efficiency from the first stroke they make, and lose it rapidly if the 
water contains sand or is acid in character. 

The secret of the air-lift pump action is in the high velocity with 
which the air and water are discharged through the eduction pipe. 
Witliout this high velocity there would be no piston-like sections ex- 
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Fig. 165. — Different arrangements of air- and water-pi|)es. 



cept perhaps in a small glass tube model where capillary attraction 
takes the place of velocity. 

As the pump has no valves, no standing water remains in the 
pump oniomil after the operation of pumping; it recedes into the 
WcDy and ■* .■.-■■•^^--^-- ■ * - Veeze in cold weather. T\\v capacity 
ol tibe p 'ith the proper proportions of air 
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to the wiiter, will \vt*rk efRcu'ntly in pipes several feet In cliatnctcr. 
Estimates have been made whieh in<!icate that a 30-ineli pipe will 
<leliver lC,(i(>0 gallons per minute, equal to 1,OUO.(IOO gallons pet 
hour. 

As sand, silt, gravel, and iKiwUlers in water form no obstacles to 
interfere with tlie action of the pump, its adaptability for dredging k 
suggested as well as its utility for pumping sewage. Experience ha?4 
pro veil that, hy the use of this constant upward flow of water, artesian 
wells have been freed from their a ecu mn la ted sedimentary^ deposits, as 
well as that Itxlged in the fissures and erevices of their wall rock, and 
have been tlius made to yield grt^att^r qu Entities of water than tJiev 
ever did lx*frjre- For chemical uses, and for the liquids of the arts 
there is no superior method than the ''air-lift/* It is used success- 
fully for raising sulphuric acid of high specific gravities, and is weU 
adapted for ore-leaching works, vinegar works, sugar refineries, dye 
works, paper*pulp works, etc* 

As an irrigating pump for raising subterranean water in the arid 
regions of the West, its fieiri of usefulness is very promising, for with 
one air-compressing plant at a central station, a number of wells, 
widely separated from one anotherj may be simultaneously pumpc»d 
by branches of air-conveying pipes, taken from a main air-pipe from 
the air-compressor; for compressed air may be conveyeti for miles 
w*ithout material loss of fH>wer, 

It often happens tliat a single well does not yield the quantity of 
water desired, tmt that a numlier of wells would give the satisfactory 
result* By the old-fashioned deep- well pump, each well would re- 
quire a separate *\steaiu head,*' separate sets of rods, and the other 
paraphernalia, whiclj, willi the condensation of the steam, when con- 
veyed to the several ^team heads, would be ven* costly in the first out- 
lay, and very i^^asteful of power in its maintenance, to say notliing 
of loss of time in repairs* By the Pohle pfftcess, but one airnDom- 
pressing plant is required, and this may be placed in tlie engine rtxim 
or the IjHJiler house, directly under the eyes of the engineer, from 
whence the air may be conveyed to the several wells, all of which 
may be pumped simultaneously and economically. 

In the early trials for efficiency of the air-lift some curious eom- 
parisons were l>rought out relative to the ratio of the lift to the deptli 
of submersion and the relative air pressure due to submersion. 
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Thus with 16 pounds air pressure with 41 feet water-lift and 10 
feel sul>mergence, 68 cubie feet of free air per mmute lifted J cubic 
foot of water 41 feet liigli, giving a computed efficiency of 3 J- per ceut* 
of the steam -power. The efficiency was fount! to decrease with the 
increase of air pressure above what was necessary to do the work; 
for instance, with an equal submergence and lift of 26 feet and an air 
pressure of 20 pounds, 64 culiic ftvt of free air pumped 14 cubic feet 
^ water 2ii feet high per minute, showing an efficiency of 19 per cent* 
^f the steam-power in the compressor. When the air pressure was 
tedueed to }*i\ pounds, using 36 cubic feet of free air per rainute 
*nd pumping 8i cubic feet of water W feet high per minute, the 
efficiency was niised to 42 per cent. It was found on trials that on a 
kieeper sulmiergence of 1 to L6 the efficiency rose to 53 ptT cent,, 
«nd in all trials was greatest at the lowest pressure that the lift could 
be operated. It was found on a general average that the efficiencies 
tiiat may be expected from the best conditions for air compression 
may be stated as follows: 

Heiffht ^ . 

- = .5 efiiciency 50 per cent. 




Submergence 



IJ) " 40 

1.5 " 30 

«.0 " t5 

I Mathematicians have fonnulated s<ime complicated equations in 
^lation to the action of the air in the ascending columin of water; 
but as the air bulthlcs vary in size according to the form of the In- 
leeliDg nozk\ and as their cnaU^crnce and expansion produce so 
l^ny variable factors, reliable results can Im* obtaiucil only from 
ftctual tests, and even these are merely approximate. 

In a test of the Pohle air-lift mailr at De Kalb, 111., the air-pipe 
was placed mside of Hie well pipe with a water-lift of 133 feet, and 
tlie submerged nozlc 12S feet below the surface, a nearly equal ratio. 
The well pipe was 6 inches diameter, air-pi j>e 2h inches, thus adding 
about 50 ptT cent, to the friction of the ascending water and giving 
to the w^hole length of 25G feet an irregular annular space for the 
■ttiige of the water and air. With the expenditure of 42,7 horse- 
™wer indicated, there was raised ^07 gallons of water 133 feet, with 
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a volume of 310 cubic feet of free air per minute. The efficiency' wa^ 
found to be 17^ per cent. This shows very plainly that the frictior* 
of an internal air-pipe causes a loss of efficiency. 

A series of trials with a gang-well system on the Pohle plan wa-.^ 
made at Rockville, 111. In casings of 6 J inches diameter inserted iit^ 
four wells, 260 feet below the overflow, and air-pipes ij inches diani - — 
eter, let down 250 feet, all in 8-inch drilled wells. After several triaLs=3 
with return bends and small nozlcs at the bottom of the air-pipes witkr:^^ 
unsatisfactory results as to water flow, the bottom of the air-pipe wa 
closed and the sides slotted for 20 inches up from the bottom, givin 
a full and free opening for the air without any obstruction to the up 
flow of the water. In this manner the ser\'ice was raised from 1,00C — ^ 
gallons to 1,400 gallons per minute, but still showing an efficiency o ^ 
only 24 per cent. 

Much doubt has existed from the early years of the air-lift systeir — ^^ 
as to the possibilities in regard to conveying the water to a distanc 
or direct to an elevation at a distance from the well. Lately ther 
has been constructed at Point Pleasant, W. Va., on the bank of the 
Ohio River, a water-works employing the air-lift system to obtaii — ^ 
water filtered into the gravelly soil beneath the river. The compressoi 
was located in a power-house 500 feet distant from the location of 
the wells on the river bank. The receiving basin is situated at the 
top of the river bank, 67 f(*et above the top of the well pipes anc 
400 feet from the low-water bank of the river. In Fig. 166 is sho\n 
a profile of the* situation. Well casings 10 inches in diameter wercErr- 
driven to the rock about 40 feet in depth. 

After tlu* lO-inch casings were in place 10-inch holes were drilled 
in the underlying rock 1 16 feet deep, and cased 8 inches inside diameter 
from l>()ttom to top. This casing was also perforated similariy to 
the outer one, only the holes were larger — ^^ inch. The space be- 
tween the two casings was tightly calked at the top to prevent 
water (^iitc^ing the wells at this point. Four-inch disdiarge pipes 
and Ij-inrh air-pipes were properly fitted and suspended in eadi 
of the wells, with tluMr extremities 110 feet below the top of tbe 
8-iiieh casing. 

Roth pipes w(Te susj)end(Ml from a water-tight d^ 
th(* top of the S-inch casing. It will be observed thilt 
<Mit(T Ihese wells except through the perforations in 
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^which are 10 feet to 20 feet below the flowing water in the river. 
Xone can enter at the bottom. It ' was the desire to allow the 
river water to enter the wells only through the perforations after 
having passed through the sand strata mentioned, which would 
serve as a filter; which has proved that, however muddy the river 
may be, the water taken from the wells is bright and spariding at 
all times. 

Just when the wells were completed and the pipes in place and 
extending up the sloping river bank a short distance, the river rose 
over the wells. For two months the wells stood unused. In the 
mean time the reservoir, receiving basin, and power-house were 




Fig. IGG. — Profile of the Point Pleasant water-works. 



Completed, and the work advanced as fast as possible. Just as soon 
«is the air-compressor was in place the air-pipes were connected up 
«nd the wells tested before the discharges were extended to the re- 
ceiving basin. One well was found with a deposit of sand in the 
l>ottom reaching 5 feet above the foot of the discharge pipe. Several 
unsuccessful efforts were made to force air into this well. The river 
having receded, the air-pipe was disconnected at the top of the well 
and a f-inch gas-pipe coupled and lowered. It stopix^l 5 feet from 
the bottom. If was churned a few minutes and soon went down the 
remaining 5 feet. . Again the air-pipe was coupled and the air pressure 
increased to 90 pounds per square inch. The effect was almost 
startling, but gratifying. The obstruction was cleared out very 
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quickly. No other system of pumping could possibly have accom- 
plished the clearing out of this well of the sand deposit. 

The discharge and air-pipes to each well are independent. That 
is, each well has a separate discharge to the receiving basin and a 
separate air-pipe from the receiver. These are carefully graded and 
are not exposed at any point except where the discharges pass through 
the top of the walls of the receiving basin, and have open discharge. 

The working pressure is from 45 to 50 pounds, varying with 
different river levels. 

The discharge of water is not constant, however, but irr^ular 
or intermittent, as though the air and water formed alternate strata 
or volumes within the discharge pipes. It varies with the depth of 
water in the river, ranging from 1 volume of water to 8 volumes of 
free air, to 1 to 6. As the river is constantly rising and falling and is 
frequently 25 to 40 feet deep over the wells, the pressure on the sand 
surrounding the wells is constantly changing and affects the capacity 
of them as well as the necessary air pressure to pump them. 

The reservoir is situated about Ij miles distant and at 225 feet 
elevation. Water is taken from the receiving basin by belt-driven 
triplex outside-packed plunger pumps, 9 inches diameter by 12-inch 
stroke, operated at 37 revolutions per minute, delivering about 22,000 
gallons per hour. 

As there is no demand in the town for electric current during the 
day, the works are operated at night only. Usually the air-compressor 
is operated one night, and the following night the forcing pumps. 
The water received the previous night in the settling or receiving 
basin has about twelve hours to become cleared of any sand brought 
with it from the wells before going to the reservoir. This basin has a 
capacity of about 225,000 gallons; the reservoir about three times 
this quantity. The c*onstruction of the receiving basin is the same 
as the reservoir. The engine has ample power to operate all the 
machinery at the same time. Two men only are required to attend 
the combined plant. In addition to the public and private consump- 
tion of water, two busy railroads are consumers. All customers are 
served by meter, and therefore there is practically no waste. 

There can l)e no doul)t that water taken by air in this manner is 
purified to some ext(»nt, the athnixture of air ser\'ing to oxidize and 
destroy organic matt(T. Samples of the water taken are bright and 
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sparkling, have no odor, and remain apparently unchanged. There 
probably is not another town of 5,000 inhabitants in the country that 
has a better or more complete combined water and light works. 

Vflmi has been accomplLshed at Point Pleasant can be done at 
hundreds of other .small towns similarly situated where there is no 
m^aler*works. Here it has been demonstrated that bright^ sparkling 
TJi'ater can be obtained from a muddy, filthy stream without the use 
of chemjcals or mechanical filters. 

Just use the filter nature 1ms so abundantly supplied at Ihe bottom 
of such streaoxs, and by pro[>er arrangement of the pumping system 
combined with an electric-lighting system, thus economizing the 
operating expenses to a minimum, establish first-class water and 
electric service on a paying basis when neither separately w^ould 
[>ay operating expenses* 

The air-lift system is undoubtedly the simplest as well as the l>est 
of all kno\^*ii methods of serving suc4i towns witli good w^ater. Nor 
is the system less applicable to larger towns, as well as to factory 
and domestic supply. 

Artesian wells, or wells supplied from land sources, generally 
yield hard water or water higldy charged w^ith niineml salts. The 
w^ater at Point Pleasant is soft, pleasant, antl wholesome* The 
railway companies using it speak very highly of it. It is simply Ohio 
River w^ater freed of filth and all objectionable matter tliat render 
it so disgusting at many towns along the stream. 



STARTING AN A I H-L I F T 



The pressure of air necessary to start a pump is greater than 
thai necessary to keep it in action when once started. That it must 
be so is clear when w*e reflect that the pressure in still water at a depth 
D is w D, but if tile water be mo%"ing w ith a velocity V> the pressure is 



w m- 



Hence, the instant the dischaige commences the pressure in the 
receiver will be reduced. This principle also accounts for the inter- 
mittent action which occurs under certain circumstances. Until a 




ate 
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current is created, every bubble entering the pipe is under a pressure 
of w D; but the instant the discharge commences the pressure drops to 



w 



(-g) 



and all bubbles in the pipe expand suddenly, causing a mild degree 
of explosion which may nearly empty the discharge pipe, thereby 
bringing the pressure on the air-inlet orifice below 



»(-9 



which is the pressure needed to maintain continued action, too much 
of the compressed air will escape, and, when the violent action is over, 
the store of compressed air will be practically exhausted and the water 
will have an opportunity to regain its full static head D against the 
escape of air. This completes one period of the action. 

To prevent intermittent action the escape of air into the discharge 
pipe must be controlled. It should be throttled the instant the dis- 
charge of water commences. That intermittent action does not 
always occur is probably due to the effect of friction in the pipe con- 
ducting air to the point of admission. As this friction increases with 
the square of the velocity, it is evident that in long pipes of small 
cross-section it will serve to some extent as a governor, tending to 
control the discharge of air. 

When the depth of submersion at starting is considerably greater 
than that previously referred to, viz., 85 per cent, of the total height 
of pump, the air-pipe should enter the water-pipe from 30 to 36 inches 
from the bottom of the water-pipe to facilitate starting. 

The volume of air required to raise 1 cubic foot of water by means 
of the air-lift varies from 3.9 cubic feet as the minimum to 4.5 cubic 
feet as the maximum, giving a mean of 4.2 cubic feet of free air per 
cubic foot of water. This, however, is a general statement and only 
applies to air-lifts properly proportioned and working under favor- 
able conditions. The volume of air required per minute to raise a 
given volume of water in the same length of time may be found by 
means of the formula: 

Cubic feet air =^ 
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in which L = the lift in feet above surface of water, C, the number of 
oubic feet of water to be raised per minute. 

Transposing the symbols in the foregoing formula we have for the 
capacity of the air-lift expressed in cubic fet*t per minute: 

Cubic feet water = 

and for the lift coresponding to a given discharge and the approxi- 
mate volume of air we have: 

^ .^, . ^ , 1(J.824 A 
l^itt m feet = 

A=the number of cubic feet of free air per minute. 

The efficiency of the air-lift, as previously stated, varies with the 
ratio of depth of submersion to total lift, the efficiency generally in- 
creasing with increased submersion up to approximately 85 per cent. 
of the total lift, while the efficiency decreases slowly below 65 per 
cent, until the submersion reaches about 55 per cent, of the total lift. 
The capacity in cubic feet per minute for varying depths of submersion 
between these limits may be found by means of the formula: 

8.24 A D 



Cubic feet = 



L2 



in which D = the depth of submersion in feet. 

It is not practicable under ordinary conditions to attempt to raise 
water by means of the air-lift to heights exceeding 180 to 200 feet 
above the lowest water-level, nor to attempt to carry the discharge 
pipe horizontally to a greater distance than 700 or 800 feet. When 
greater horizontal distances must he covered by the discharge it is 
better to carry the pipe on an incline from the well or reservoir to the 
point of discharge. 



AIR-LIFT WITH HORIZONTAL RUN 

It is frequently necessary to deliver water to an elevated tank or 
reservoir at some considerable height above and distance from the 
well, in which event it has generally been considered inefficient to 
make the lift at the well force the water horizontally and end with a 
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lift to a tank, but to just what extent the problem was affected by these 
conditions has always been a matter of guesswork. C<Mifident, how- 
ever, that serious disadvantage attached to forcing water from a well 
a long distance, the practice has been, wherever possible, to avoid 
doing so by substituting either: 

1. Vertical lift at the well high enough to flow the water by grav- 
ity to the desired point, employing stand-pipes; or, 

2. Raise the water to a surface reservoir or cistern near the well 
and deliver the water above ground by means of an ordinary pressure 
pump, or a pneumatic displacement pump, submerged directly in the 
receiving tank or reservoir, thus through a combination of the air-lift 
and pneumatic pump rounding out the whole operation as a com- 
plete compressed-air system of pumping. 

The following tables have been prepared from actual tests made 
to show the decrease in efficiency under like conditions by extending 
the horizontal pipe from 200 to 600 feet: 

Table XXIII. — Cubic Feet of Free Air and Gallons per Minute per Square 
Inch Area of Discharge Pipe for Lifts of 13 to 30 Feet at Well, Hori- 
zontal Run of 200 Feet, Subsequent Lift op 50 Feet. 



Submergence — per cent. 


Cubic feet 

freeair 
per ft. gal. 


GaUons 
per minute 
per sq. in. 


40 


.0231 

.0176 

.0138 

.011 

.0094 


3 


45 


5.2 


50 


6.4 


55 


7.6 


60 . . . 


9 







Table XXIV. — Cubic Feet of Frf^ Air and Gallons per Minute per Square 
Inch Area of Discharge Pipe for Lifts of 13 to 30 Feet at Well, Hori- 
zontal Run of 600 Feet, Subsequent Lift of 50 Feet. 



Submergence — per cent. 


Cubic feet 

free air 
per ft. gal. 


GaUons 
per minute 
persq. in. 


40 




0352 
.0264 
.021 
.016 
.0127 


3.6 


45 


5 


50 


6 


55 


7 


60 


8 
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TWO-STAGE AND MULTISTAGE A 1 11 -LIFT 

The idea of cnmjKiuncUng the air-lift was first projiosed by Dr. 
Pohle, and Jias since c-*>nie into use for shallow sumps. Fig. 107 
peppesenb th^ conditions of a sunip of about one-quarter of the total 

lift in depth, in which an auxiliarv 

Q ^= pipe is introduced to receive the 

water at about twice the depth of 




I 



C^i 



u 



Fit;. 167. — Two-itjige 
air-lift. 




air-lift. 



the sump to act as a pump-well for a higher lift. By tliis method the 
inconvenience and cost of a deep shaft or boring may be avoided 
and the compound system quickly applied m emergencies* 

Its Ix^t efficiency is found in so equalizing the lift,s tliat the air 
pressure may be taken from the same compressor for both stages. 



MULTrPLE-STAGE AtR-LtFT FUMPING 

In Fig, 168 we illustrate the possibihties in the work of compressed 
air in pumping water to great heights from shallow sumps by the Pohle 
air-lilt system. In orcler to show the detail of operations the ilius- 
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tration is spread out. In practice the several wells may be bunched 
together to occupy the smallest space in a mine shaft. It wiU be read- 
Dy perceived that but one air pressure is needed, no more than suf- 
ficient to operate the highest lift in the multiple-stage system. The 
lesser lifts may be r^ulated by valves in the air branches to exactly 
meet the volume and pressure required for the lower lifts. Its air 
economy may balance the cost of a deep sump. 

As yet we have no data as to its efficiency for permanent use, but 
there is no doubt that economy due to decreased air pressure will be 

found to warrant its adoption in mine and 
drainage work. 

A combination of the direct-acting tank 
system and the Pohle expansion air-lift has 
been devised by Mr. WTieeler, by which the 
high-lift system may be utilized from a 
shallow sump by raising the water about 
one-half the height by direct pressure, then 
injecting air under the water column from 
the same air-pipe used for the direct lift, and 
thus doubling its elevation. In Fig. 169 is 
shown a sectional elevation of this system, 
in which A is the direct pressure or displace- 
ment chamber, from which the water is 
raised to a height at C; air is injected at B, 
and by its lifting and expanding action com- 
pletes the lift; the pressure in the chamber 
A being equivalent to the deep immersion 
required in the Pohle system. This system, 
as showTi in the figure, is alternating, and 
evidently could not run constantly with one 
chamber; but hv making a double-cham- 
bered direct lift, and connecting the air-pipe to the water column direct 
from the pressure side of the air-compressor, and using the air-switch 
only on the direct-lift pipes, a continuous flow \vould be obtained. 

The efficiency of the Wheeler pneumatic pump compares very 
favorably with any of the other methods of pumping by air pressure. 
The computed efficiencies under varying conditions of air pressure of 
from 19 to 41 pounds jn^r square inch for a lift of 105 feet from a 




Fig. 



169. — Combined air- 
lift pump. 
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shallow sump, as shown in Fig. 169, were from 24 to 48 per cent, of 
the least work needed from the compressor, or from 17 to 30 per cent, 
including the efficiency of the compressor. 



VACUUM AND AIR PKKSSURE FOR RAISING WATER 

The illustration. Fig. 170, shows the details of the plant. The 
tank shown is of cylindrical form, is 6 feet in diameter by 18 feet 
long, rests in a horizontal position on a rise having an elevation of 
17 feet from the river-level and holds 3,800 gallons. The water- 
pipes are 3 inches in diameter and the air-pipe 1^ inches. The 
former enter the end of the tank through a tee, at either side of which 
is a check valve. 

The air-compressor and engine are placed at the top of the river 
bank. The former is of the St. Louis Steam Engine Company make, 
6 X 6-inch cylinder, and is used 
alternately as a vacuum pump 
and compressor. In order to 
secure a larger supply of water 
it will be replaced by an 8X8 
compressor. 

The operation of the plant 
may be reasonably well un- 
derstood from the engraving. 
In exhausting the air from the 
tank the upper check valve 
closes and the lower opens, 
allowing the water to rush in 

and fill the vacuum. About ^0 inches vacuum is required to bring 
in the water and fill the tank. 

AVhen the tank is full the operation is simply reversed. Air is 
driven back into the tank under pressure of 60 to 75 pounds to the 
s(|uare inch, and the lower check valve closing the water is forced up 
the hill to the reservoir. It takes a little less than two hours to 
deliver the contents of the tank in this way. 

Compressed air possesses several advantages over steam, es- 
pecially for transmitting power to considerable distances, and in many 
instances, including the pumping of water and other liquids, it is 




Fig. 170. — Vacuum and air-pressure system. 
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even cheAper than electricity for moderate distances, say fTom 1*000 
t<i 3,000 feet. Direct air pressure can l>c used without the enormous 
loss from condensation incident to the use of steam, and by placing 
reheatei^ near the point of deUveiy, the efficiency of the compressed- 
air machines cjin be considerably inerca^sed. For pumping water, 
air hais the advantage that it can be bmught into direct contact with 
tlie water without loss by condensation, mid in certain systems of 
pumping a large percentage of tlie heat required to compr^s and de- 
liver the air can be reclaimed from the e^diaust. 

A simple construction of displacement pump h the Merrill^ the 
principle of which is illustrated in Fig. 171. Two cylinders are pro- 
vided side by side with an automatic 
air-valve situated immediately above 
them* CoJnpre^ssed air is admitted 
automatically first to one c}'linder and 
then the other* When the air has 
expelled the water fnsm one cylinder, 
the air is released and at the same 
time air is admitted to the second 
cylinder- 
One cylinder is filling with water 
while the other is dischaiging^ so 
that an almost eofitinuous stream 
issues from the deliver)^ pipe as long 
as air is supplied. The pump is 
placed in the well or shaft and Wlow 
the water-level » the cylinders fillings 
the bottom, by atmospheric pressure- 
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through large inlet valves in 
The pressure of air on the surface of the water in the cylinder forces 
the water through the discharge valve, the height to whicli the water 
may be raised depending on the air pressure. 

This system is not a new one, haying been patented by Uphani 
in 1809, and the system in its duplex form was patented in England 
in 1865* 

The apparent difficulty in the use of this system lies in the loss of 
power when the comprtrssed air, after driving the water out of the 
vessel, IS allowed to escape into the atmosphere, thus losing all the 
power that was requiretl to compress the air. The percentage of this 
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loss increases with the head against which the water is pumped, and 
is about 50 per cent, when pumping to a height of 100 feet. 

In the following system, the above difficulties are overcome to a 
degree that cannot be surpassed; for in it the air is not allowed to 
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HrATCH SUPPLY 



Fig. 172. — Duplex automatic water-lift. 



escape, being used over and over so that none of the work done on it 
is directly lost. 

Fig. 172 shows how the alcove conditions are attained. Suppose 
the compressor to be in operation with switch set as in the figure; the 
air will be drawn out of the right-hand tank and forced into the left- 
hand tank ; and in so doing will draw water into the former and force 
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it out of the latter. The charge of air in the system is so adjusted 
that when one is emptied the other is just filled. At that moment 
the switch will reverse the pipe conditions so that action in the tanks 
will l>e reversed. 

The automatic control of the action of the pump is made by an 
air-switch at the compressor, which is thro^m by the differential 
pressure in the air-pipes. The change in the pressure of these pipes 
alternating between the hydrostatic pressure in the air-force pipe 
and the absolute pressure in the air-suction pipe is equal to the head 
of watiT in the? tank above the water-level in the well. At the moment 
<if the grc»atc»Ht difference in pressure in the air-pipes, the automatic 
Hwitc'h r(fvers(?s the connections, and the compressor draws the air 
from the empty chamber and forces it into the full chamber. The 
<foniprc*ssion and expansion nearly balance each other, and there is 
but little loss in {K>wer. 

The sanu» system as shown in Fig. 172 may be operated as a 
two-Htiig(» watcT-lift by placing one of the chambers in the sump and 
diH<.'harging the water into a sump at higher level. 

They iniiy be operated as before, and thus be made to raise one- 
half the volume to double the height, without increase of pressure. 

Fig. 174 illustrat(\s a multiple displacement pump. In this ap- 
paratus, inst<>ad of taking the air to the bottom and forcing the water 
the entire vertical distance at a single Uft, a number of air-displace- 
liienl tanks arc? placed at various intermediate points. The high- 
prehHure air is conducted through the pipe A to a point close to the 
hot loni of llu» lower tank. The discharge pipe from the lower tank 
niiiH h> the next tank above, entering the bottom. The bottom tank is 
pli'M-ed hrlow i\\o wat(T-level, hence at the beginning of operations is 
full of wat<T. \Vlu»n air is admitted through pipe A, the water in the 
Inwi'i' tank is gradually displaced, l)eing forced up into the next tank 
whov<', and is prevented from returning by the check valve. 

TIm* air ri.s<*s to tlu* surface of the water in the lower tank and 
ftn'in^ u l/iycr al)c)v<» \hv water. The discharge of water continues un- 
lit tin- level reaches the pc^rforated plate near the bottom of the tank 
tthtl to which the wat(T diseliarge pipe is attached. At this level is 
tt i^tttttul air-pipe» ]\, K^adinjx to the next tank above, as shown. When 
lh$- wah r hvc'l reaches the ])ei'forated plate or diaphragm, no more 
v^<J^^ i itii Ix* rxpelled from the lower tank, and the air escapes through 
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the pipe B into the liottoiu of the tank above and expek the water 
from this tank either into the atmosphere or into still another tujik 
higher up^ as the case mny lie. Tlie pressure of the air after emp- 
tying tJie sec-ond tank is only onr-half what it wsis after enipl} ing 
the first, ljeeau:5e the tanks an* of the .same capacity or vohime, aiui 
the air therefore occupies twice the original volume* 

Suppose the pre^ure of air in the pi|»e A h KM) pounds per 
square inch. This corresponds to a head uf ^SO feel in round num- 
bers, at which heiglit the second tank is locate<U the air pressure be- 





WiQ* 173*— Arrangement of two-jitage 



Fig. 174.-'AIuItiple disfiiaftnueiit 



ing merely sufficient to discliarge the water into the second tank. 
Tile air» which Ixas raised the water £30 feet^ now fills the first tank 
from the bottom and the lower end of the air-pipe in this tank is ex- 
posed before the lower end of the water discharge pipe, and the air 
expands into the st^cond tank alx)ve* and after emptying this tank has 
a volume equal to both or tivo tanks, which is tw4ce the original vol- 
ume. The pressure is now about 42^ pounds by the gauge. The 
lift or head eorrespondiug to this pressure is 98 feet, which is the 
height of the second lift, and the tliird tank will be placed appr»:>xi- 
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mately 98 feet above the second. At the end of the second lift the air 
will have a volume equal to three times the original volume, and the 
pressure will be one-third of the original pressure, orl00 + 15-^3 = 38.S 
pounds absolute, or 23.3 pounds by the gauge, so that the fourth tank 
will be placed ^.3X2.3 = 53.59 feet above the third, and so on to tho 
top of the shaft or well. 

By this method the air does about twice as much work with th^ 
same expenditure of work as the compressor, which increases th^ 
efficiency of the apparatus considerably. 

In Fig. 175 is shown a Merrill water-pumping system for service? 
where it is necessary that the valve mechanism or working parts be 




FRONT ELCVATTOH -OT FHEU. «l»ft 



SICE ELEVATION OF PNEU. PUMP. 

Fig. 175. — ^The Merrill pneumatic pump. 
IWrect-acting, with elevated air-valves. 

placed some distance from and above the water chambers, as in the 
case of rivers where the rise and fall of water are great, and where 
it is desireii to have the controlling valve above high water, and 
accessible at all times. 

By this system of arranging the location of the air-valve above 
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an<l at a distance from the location of the well or intake, and tliu.s 
facUitating a pure water-supply for public and private use by locating 
the wells in the filter sands of streams and water-courses witli the air- 
valves on the bank and an a ir-coni pressing ^station at any convenient 
distance, a valuable water-supply service may he made available at idl 
times and under any condition of flood that would otherwise derange 
the old systems of water-supply from rivers. The only precaution 
aeccssar)^ would be to liuild the well curb above the flood line, or 
cover the well with mini and carry the exhaust pipe up the bank* 
or to a safe place out of flootl-water range. In this manner the neg- 
lected and scanty water-supply of towns and factories may I^e re- 
inforced with the pure and filtered element so essential to life and 
prosperity. 

HYDRAULIC A I R - C O M P R E S* S O H S 



One of the earliest compressed-air devices was the tronipe or 
raidic air-blast for forces* Its capacity was sufficient for the 
ts of the times, which made it the principal means for fur- 
nishing a steady blast for the Catalan 
-lorges nf the early years of the iron 
* It ctjuld produce a pressure from 
ounce to one pound or more, accord- 
ing to the height of the water-shaft and 
the depth of the water-seal. In the 
trompes of the best construction llxe 
water-seal wm a sliding gate which could 
he operated to produce any rlesirecl press- 
ure within the range of the apparatus. 
Its operation was as follows (Fig. IIH): 
the falling column of water draws in air 
tbnnigh the small inclined orifices, al 
the con t meted vein, carr}*ing it into the 

reservoir, where it separates, and is di.seharged through the tuyire 
pipe. The outlet dischai^es the water through an inverted siphon, 
carried high enough to balance the air pressure. 

In the principles of the trompe is found a eorrespcmdence and 
suggestion of the experiments made by J. P, Frixell in 1877, and since 



Fig. I7(i.— The tmmpe. 
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carried out on a larger scale by C. H. Taylor in the practical hy- 
draulic air-compressors at Magog, Quebec, and at Ainsworth, B. C. 
Many experiments have been made to compress air by the direct 
and injector system for small quantities, by the use of water under 
pressure from city water-supply. 

By direct pressure it requires an equal quantity of water to the 
volume of free air compressed to neariy the same pressure as the 
water. By the injector system, the only available experiments are 
those of M. Romally, in France, who found that with 35 feet head 

only 46 per cent, of the 
volume of the water used 
was equal to the volume 
of free air at a pressure 
of 21 pounds per square 
inch ; thus realizing an air 
pressure of 138 per cent, 
of the hydraulic head 
and less than one-half 
the volume, an efficiency 
of about 63 per cent. 

Mr. Frizell*s experi- 
ments involved a laige 
outlay in cost of plant, and where there is a moderate water-fall and 
plenty of water this is no doubt the cheapest working method of com- 
pressing air. The general idea of Mr. Frizell was to utilize a high 
water-fall with built-up shafts and air-chamber, or with a low water- 
fall to sink shafts with an air-gathering chamber at the bottom and 
air-pipe leading to the surface, as shown in Fig. 177. The entrance 
at A in the cut was a circular hollow dam with a conical inlet. The 
annular chamber under the dam communicated with the outer air 
and was perforated, so that the falUng water drew down the air and 
by its velocity carried the air to the receiving chamber below. This 
suggestion and experiments lay in abeyance under the Frizell patent 
for many years, and was supplemented by a similar patent to Mr. 
George Waring. The efficiency in FrizelFs early experiments was 26 
per cent, of the fall of water used in the apparatus. Later improve- 
ments by him niised the efficiency to o"2 per ct»nt. with a head of 5 feet. 
The hydraulic compressor system of ^Ir. Taylor is illustrated in 




Fig. 177.— The Frizell system. 
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Frpfs. 178 and 179, in whirh a lar^^e number of small air-ttibes are 
ilistribufeil around an annular whUt inlet to the down-flow pipe. 
One of its several forms of constniction is shown m Fig. 178, and 
more fully iUustratetl in Figs. 179 and 180, 

A Duuil>er of air-tubes, c, c, tcnninate at the conical entrance of 
the dowu-flow pipe, B, at a, «, Fig. 178. A supjily of water to the 
chamber A, A. and its flow down the pipe, draws air through the small 
pipes, carrving it down to the sep>£i rating tank, c, r, where it is lib- 
erated at the pressure due to the hydrostatic head. The air is deliv- 
ered through a pipe, as shown in the cut, and the water rises tlirough 
a pipe or open shaft to the tail race. 

The compressor as erected at Magog, Quebec, gives in air-power 
6ja per cent, of the water-power used and ilelivers 155 horse-power 
in compressed air at 5% pounds 
gauge pressure* 

A most remarkable feature of 
this system is that, notwithstand- 
ing that the air is compressed by 
the weight of the water and in 
actual contact witli it, tlie air so 
compressed is delivered in the 
receiver and thence to the trans- 
mbsion pipe drier than when 
drawn in from the atmosphere. 

At first sight this would seem 
impossible, btit it is wtII known 
that in a high temperature mois- 
ture is held longer in air than in 
a lower temperature, hence the 
eoutaet of the air globules with 
the cold water keeps down the 
temperature usually caused by the 

eompression of air, and the atmospheric moisture held in the globules 
condenses, as it were, on the walls of these glolmles, and at the point 
of separation the air and water are absolutely separated, leaving the air 
all ready for distribution at the same temperature as the water it has 
just left, and drier than when first taken in through the small air-pipes. 

Another feature is that tlie power of the water can be converted 





Fio. 178, — T}je Taylor hydiaulic atr- 
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into comprosseil air at any pressure per square inch, giving the same 
efficiency at either high or low pressure with a far less loss of energy 
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Sectional View 
Fig. 180. — Hydraulic air-compressor. 

Magog, Quebec. Air-chamber section. 

Should the volume of air taken down be greater than that being 
used, it aecumulates in the reeeiver until it forces the water below 
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the lower end of the receiver, and the surplus passes up with the re- 
turn water, thereby forming a perfectly automatic safety-valve, with- 
out requiring any attendance whatever. It will be observed that the 
material used in the construction of the down-flow pipe need only be 
of sufficient strength to carry the weight of water and pressure gen- 
erated in the working head of the water-power, as once it reaches the 
tail-race level the internal pressure is gradually neutralized from 
that point down by the pressure in the return water surrounding the 
down -flow pipe; so that any pressure almost may be reached without 
increasing the strength of the down-flow pipe. The material for the 
down -flow pipe may be of iron, or wood hooped with iron, and the 
shaft may be constructed of the cheapest of timber; and as it is pre- 
served by being constantly in the water, there is practically no limit 
to its durability. 

By this system low falls, otherwise useless, may be utilized, and 
the same pressure obtained as from high falls, the horse-power being 
determined by the diameter of the down-flow pipe, and the height 
and volume of water in the fall, while the pressure depends solely 
upon the depth of the well or shaft; therefore any desired pressure 
can be obtained. 

In the apparatus at Magog, Quebec, the receiver is sufficiently 
large in diameter to allow the air to rise to the surface of the water 
therein, from whence it is taken through the air-pipe for transmission 
to be utilized as power or for other purposes. The water, being kept 
down by the pressure of the air, is forced out through the open bottom 
of the receiver and up the shaft around the down-flow pipe to the 
tail-race level. 

The compressor is so constructed as to permit of its being r^u- 
lated to furnish any proportion — from one-third of its capacity — using 
water proportionately with a like efficiency. 

By reference to the head section (Fig. 179) it will be noticed that 
the head-piece is telescoped into the down-flow pipe, and raised or 
lowered by means of a hand-wheel on top, thus permitting the flow 
of water to be regulated, or to lift it above the water-level and stop 
entirely the flow of air, the water being regulated by the head-gate. 

Briefly stated, the air is compressed by the direct pressure of fall- 
ing water without the aid of any moving machinery, and practicaUy 
without expense for maintenance or attendance after installation. 
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By this system any fall of water varying in working head may he 
Utiliified, aiid any pressure required can Uv produced and uniformly 
maintained up to the capacity of the w^ater-pinver, delivering the com- 
pressed air at the temperature of tl»e water, and in a drier state than 
is possible by any known means of c^^mpressitin, tliereby avoiding aU 
loss by con den.sa lion or iiluinkage by cooling of the air after com- 
pression* 

The water may be eonveyef! to the rora pressor by means of an 
opeu flume; or, as shown in tJie diagram^ tlm>ugh a ynyw supplying a 
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Fig. IHL— Plan of air-tubesi. 



tank or stand-pi[>e around the head-piece of the compressor* where 
it can attain the same level as the water in the dam or source of supply. 

Around the head-piece are placed a lar^^e num!>er of small, hori- 
zontal air-pipt^s!, drawing their supply of air through laiger vertical 
pipes, which ejctend above the surface of the water and open to the 
atmosphere* 

;V** the water enters the down -flow pipe and passes the ends of 
tlu»sc small air-pj|>es, it drawls in the air in the form of small uniform 
globiiles, which, becoming entangled in the descending water, are 
carried down to the receiver at the bottom of the pipe, compressing 
the air by the pressurt* of the water surrounding these globules until 
they reach the point of separation. This pressure is maintained so 
long as there remains any air in the receiver chamber. 

The enlargement of the dow^n-flow pipe at the bottom section was 
made to lessen the velocity of the water and air at that pfJint, w^hich 
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wa» found to facilitate the scfMurmtioo of the air bom die walier bv 
49:iafe3W»^ the small globules of air and the better sepaiatino mft the 
M^nfAtf^ plate belovr. The deflecting plate pments die phmge off 
the dffwn-BffWTDg water into the separating part of die tank and hj 
fti defl^etioRS fP^^ ^^ ^ ^ more readhr separation 6nm die water. 
hjr dm arrangement no air was found in the water discharge pipe. 

In te;%t% fA efliciencT it has been foond that the gross power of the 
water pacing through the compressor doe to its natural fall was 158 
bor^-pr/wer, of which 111 horse-power was utilized in the work of 
air compresAion, giving an efficiencr of 70 per cent, of the gross power 
Oiied. 

I^ter experiments indicate that an efficiencr of 75 per cent, may 
lie obtained by a modification of the air-inlet pipes and water head. 

In Fig. 18^ M illustrated the Taylor hydraulic air-compressing 
plant at Ain«worth, B. C, which was established in a trussed tower 
in fmUrr Up carry up the air head to a level with the flume, of which 
Fig. 179 repre5*ents the elevation and arrangement of the head. The 
available working head from the water-level in the head stock to the 
tail r&ce hi l(H feet; the depth of the shaft is 210 feet, and the depth 
of the air-chamber at the bottom of the shaft is 17 feet, from which 
the watfT c!lc>sure of the down-flow tube leaves 200 feet as the avail- 
able hyclrrwtatic pressure, which gives an air pressure of 87 pounds 
per square inch. The flume supplvnng water from Coffee Creek, 
1,350 h^'i distant, is 5 feet in diameter, of stave-barrel construction. 
The tower head is also of wood staves, is 12 feet in diameter and 20 
fec;t hi^h. The down -flow pipe is of the same construction, 2 feet 9 
inches in diameter, widening slightly at the bottom to retard the ve- 
Irxrity of the descending water and allow it to impinge upon a whorling 
crone that produces a circling current in the air-chamber that facOitates 
the separation of the compressed air from the water. The air rises 
to the top of the separating chamber and is delivered through a 9- 
incrh pi|)c to the various branches for air distribution at the ground 
surface. A secondary pipe is carried from midway in the separating 
chamber to the surface above the tail race that seals the air-space 
with water when the air is being used in excess of compression, and 
allows the air to escape when it accumulates and pushes the water 
surface Im»Iow the mouth of the air-pipe; thus making an air-pressure 
rc»gulator within the limit of one-pound air pressure. 
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The regulation of the air-inlet pipes* of which there are about 
tliree thousand lubes, |-iiieh diameter and the conical ajutage, is 
made by raising or lowering the air-pipes and cone by a screw and 
wheel, as shown in Fig. 18J2, The velocity of the water in the down- 




Hydraulio nrr-emnpresiiscjr, AInsworth, B. C 



flow pipe is about 34 feet per second, and the velocity of the indraught 
of air is nearly the same. Tlie air is received by the water in millions 
of globules, which in a great measure retain their individuality, 
gmdually becoming smaller by the increasing water pressure until 
they are liberated in the air-chamber below. 
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CHAPTER XI 

ARTESIAN WELLS, PRINCIPLES OF FLOW AND WATER-StJPPL.T FOB 

IRRIGATION 

The meaning of "artesian" has probably been derived from 
Artois in France, where the earliest flowing wells were bored, but is 
now applicable to any deep-bored well. 

The arid r^ons of the Dakotas, Kansas, Nebraska, and the 
States farther West have received great benefits to agriculture by 
the success of their artesian- well flow. Flowing and pumped wells 
of great depth have given a most useful service in all countries and are 
largely increasing in number for domestic and irrigation purposes, 
and in many localities furnish water for power. 

ESSENTIAL FEATURES OF ARTESIAN WELLS 

The artesian stream has its source, its underground water-way, its 
ascent through the well, and its final descent in the rill that runs 
away. It is peculiar mainly in its underground conditions. Upon 
these, chiefly, the ascending flow depends. 

To fashion a simple idea of the common class of flowing wells, 
picture to the mind a pervious stratum through which water can 
readily pass. Below this let there be a water-tight bed, and let a 
similar one lie upon it, so that it is securely embraced between im- 
pervious layers. Suppose the edges of these layers to come to the 
surface in some elevated region, while in the opposite direction 
they pitch down to considerable depths, and either come up again 
to the surface at some distance, thus forming a basin, or else ter- 
minate in such a way or take on such a nature that water cannot 
escape in that direction. Now, let rainfall and surface waters pene- 
trate the elevated edge of the porous bed, and fill it to the brim. 
That such beds are so filled is shown by ordinary wells, which com- 
monly find a constant supply in them at no great depth. Now, it is 
188 
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manifest that if such a water bed be tapped by a boring at some 
point lower than its outcrop, the water will rise and flow at the sur- 
face because of the higher head in the upper edge of the bed* If the 
surfac*e water continually supplies tlu* upper eilge m fa^^t a^ the water 
is draw^n off below, the flow will be constant. 

The leading conditions upon which artesian flows depend are in- 
volved in this simple conception drawn out as follows: 

L A pervious stratum to permit the entrance and the paj^ksage of 
the water. 

2* A w^ater-tight bed below to prevent the escape of the water 
dow^nward- 

3. A like imper\''ious bed above to prevent escape upward; for the 
water, being under pressure from the fountain-head, would otherwise 
find reHef in that direction, 

4. An inclination of these beds, so that the edge at which the waters 
enter will be higher than the surface at the weU. 

5. A suitable exposure of the edge of the porous stratum, so that 
it may take in a sufficient supply of water, 

6. An adequate rainfall lo furnish this supply, 

7. An absence of any escape for the water at a lower level than 
the surface at the well. 

These may be consiflered in detiil, and then attention directed 
to some special practical questions. 

In Fig. 183 is illustrated an ideal section of an artesian basin in 
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Fio. 183, — ^Idcal seetioti iliuiitratiug tlie clilef requisite conditions of artesian wells, 

A, fl porous fltratum; B and C, inn>emous l>eils beJow and above A, acting as eon- 
fiuiu^ 5itmta; F, the hei^tit of the water-lfvel in the jjoroua bed A» or, in other 
woitis, the height of tije reservoir or fountain -head; D and E, flowing welb springs 
ing from the porous water-filled bed A. 



which the water Ix*rl Ls spread betwetni layers of non-porous rock or 
clay. 

It is the proper function of gecjlogical investigation to ascertain 
the Ktratigraphic conilitions which determine success or failure. As 
the outcome of completed investigations, it is possible to map off the 
fac-e of the country into (1) areas in which success may reasonably 
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he juiticipated, (2) areas in which the conditions are nearij bal- 
anced« and ui which local and indeterminate conditions will decide 
success or failure, and (3) areas in which the conditions are adverse, 
if not altogether prohibiton*. The service which such maps 4ire com- 
petent to render is in encouraging the utilization of an important re- 
source, and are now in preparation by the Geological Survey for the 
Uniteil States. 

From the foregoing considerations it is manifest that the areas of 
pn>l>able success must l>e the relatively low tracts, that the areas of 
adverse pTobabilities are the relatively high r^ions, and that the 
diHibtful bolts lie Wtween. 

TTie gfvatest sources of indefensible expenditure are (1) the se- 
lection of a location of too great relative altitude, in defiance of the 
simple fundamental principle of artesian flowage, and (i) the pene- 
tration of unpRHluotive strata, after all favorable diances have been 
exhausteil, in disivganl of the fundamental laws that govern the dis- 
trihutiiw of subtomuiean waters. 

In the faiv of many possibilities of failure, the importance of a 
speirial ixnsiileratiiw of the assemblage of conditions that surround 
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fining bed* Under these hydrostatie conditions^ limestone strata re- 
posing on sandstone furnish an excellent combination* 

If, on the otlicr hand, tlie underground water surface between the 
proposed well and the source of supply is much lower than the fc»un- 
tain-head, there w i!) be considerable leakage, unless the confining beds 
are very close textured and free fn:>m fissures* For example, if it be 
lOO feet lower, there will lie a tlieoretical pressure of nearly three 
atmospheres, or about 45 pounds to the square inch, upward greater 
tlian that of the underground water dowTiward, disregarding the in- 
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Fig. 18J. — ]>Dubl« aeeticm iUuatmtioi^ the tSeclM of Ijj 

in tlie cover area. 



fluence of capillarity, and this will be competent to cause more or 
less penetration of the water upward through the pores and crevices 
of the rocks, and consequent loss of head arnl forcing power* 

Both of the ai>ove ptiints may be illustrated by profiles. Figs, 185 
and 186, in which A represents a porous stratum enclosed between 
the impervious beds, B and C. The source of water-supply is at A, 
and the proposed well at F. Let E be supposed to represent the 
surface of the ground (and for convenience » ako, the surface of the 
conamon ground water) in one of the two supposed coses, and D the 
surface in the otlier. The arrow springing from tlie surf ace » E, rep- 




Fra* 186* — Section illustratmg^ the possibility of a flow from a h&A even when 
exposed at ft lower level. 

At ft saDdstone bedp thick and coarse at tiie riglit. Its shore edge, and thiimer and 
finer at the left. B and C coufining iTnfx?rv]ou3 beds. F, the water-level in A. 
D, a well which may flow notiA^ithstanding tlie lower exposure at E. 



resents the upward tendency of the water in the porous hed, owing to 
pressure in the fountain-head, while the arrow depending from the 
line D represent? the downward pressure of the ground water, whose 
surface is represented bj D, and is, it will be observed, more than 
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^^quinlCTit to the upward tc-ndencr due to pressure from the foun- 
tain-head. A flow at F cxjuld venr safely be predicted if the surface 
were a> represented hj D, while it might be doubtful whethi^ one 
<^.«uld be secured if the surface were as repiesented by E. 

It is crf^en convenient to speak of the source of supply as die les- 
erroir. Erroneous impressions, however, are likely to aiise from 
the use erf the term. Two such are quite current, and need to be 
dismissed. The one b the assumption that the reservoir is a sm&ce 
lake, the other that it is an underground pool, occupying a caTemous 
ci>tem. as it were. A surface lake is an e3ftTemdy imjMohabie source 
of an artesian flow. It has already been indicated that the water 
must have a ready entrance and flow through the porous stiatani to 
give an efficient fountain. But most lakes owe their existciice to the 
fact that they have impervious bottoms, otherwise the water would 
pass into the earth beneath. This fact stands in the way of dieir 
serving as sources of artesian wells. Far from bein^ looked upon 
as special fountain-heads, lakes are to be r^raided in precisdy the op- 
posite sense. They show that the rainfaU, instead of goii^ into the 
strata to feed the fountain, is held at the surface and exposed to loss 
from evaporation and overflow. 

The rainfall of a region is disdarged in three ways: (1) by evap- 
oration; v* by surface drainage; (3^ by undetgroond percolation. 
Artesian weBs can avail themselves only of the last. Whatever in- 
creases the first two decreases the last. In so far, thefefbre, as im- 
perrioas surface basins aid evaporation and surface dischaige, they 
detract from the copiousness of the underground supply. 

It is a compensating fact, however, that surface drainage is usuaDv 
imperfect in lake resnons, as the existence of the lakes themselves 
testifit^. Possibly all, or more than the Kie<> from evaporation may 
be gained by this reduced surface flow. This, however, does not 
destroy the force of the general observation, that a lake is not to be 
re^rvkxl as the special reservoir of an artesian fountain. 

The notion of a subterranean po^4 has little more to support it. 
Tubular channels and cavernous sjxsices undixibtedhr exist, and are 
occasional sources of flow, or moans of passage, and so are, in a 
sense, reservoirs, but not in the import of the term as used in 
o»rin^t'ti*>n with artificial fiHiutain-i, i. c. in the sense of a fountain* 
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The reservoir or foirn tain -head of most artesian wells is simply 
ihe water contaiwed in the water-fjeariiig strstiim abo%^e llic level of 
the point of flow, or, in other words, the water in ike elevated mai^in 

(of the water-filled stratum. 
No stratum is entirely impervious. It h scarcely too strong to 
assert that no rock is absolutely impenetrable to water. Mhiute 
'■ 




Fig. 187.— Section illu:ttratiug tlic nsaml order in which the slmiii of a h^jdn ei.imt 

to lh^^ sutface. 

A and B, porous IjiffJsi D and E, impervious hv^h: C» a half-impervimis bedj F* and F, 
Ihe wrtter-leveU of A atiti B» respectively. 



pores are well-nigh aQ'per\admg. To these are added microscopic 
seams, and to these again larger cracks and crevices. Consolidated 
strata are almost uiiiversally fissured. Even clay beds are not en- 
tirely free from partings. 

But in the study of artesian wells w^e are not dealing with absolute?!, 
but with availablcs* A stratum that successfully restrains the mo^l 
of the water, and thus aids in yielding a flow, is serviceably impervi- 
ous. It may be penetrated by considerable quantities of water, so 




Fig, 188. — Stxrtion illuitrating the |jo5sible effect of ero«$ion iipoo strata originally 

like those in Fig. 183, 

.V and n, jjijronH Ijetls; U and E, im[>cn'ious be«<i»; C, a half-fwTvious bed : F and F', the 
water-levels of A and B, re.^pectively. If the slniUnn C is not pmrtjcaKy a con- 
fining Iayer» t!ie water from A wUI pnis thmin|T)v |t anff e.scti|)e at the eilge of B, 
m that a iluw cannot tie obtained at a liigher level tliuu it^ but niay be had below 
the line F'. 



that the leakage is quite appreciable, and yet fn* an available confin* 
ing stratum. The nearest approach to an entirely impervious bed is 
furnished by a thick layer of fine, unhardened clay. In this ease 
solidifying permits the formation of fissures, and the clay rocks are 
less impervious than the original clay beds. The clayey shah's r^mk 
next as confining strata, after which follow in uncertain order shaly 
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limestones, shaly sandstones, the various crystalline rocks, and even 
compact sandstones. 

The limestones are likewise much traversed by crevices near the 
surface, and are, besides, subject to the solvent action of the waters 
passing through them. These often form extensive underground 
channels, mammoth examples of which are found in the great elon- 
gated caves of Indiana and Kentucky. But, like the above, these 
prevair mainly in the superficial portion of the beds, and are chiefly 
confined to regions where the limestone stratum is not overlain by 
other rocks, and hence not available as a source of fountains. The 
reason of this is manifest when it is considered that the solvent action 
is mainly accomplished by surface waters. These exhaust their sol- 
vent power before penetrating far. When the limestone is overlain 
by impervious beds, these surface waters are cut oflF, and hence sol- 
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Fig. 189. — Section illustrating the failure of an artesian well, becauise of defects 
in a confining bed below. 

A and B, porous beds; D and I, impervious beds; C, a defective confining bed; E, the 
water-Ie\^I of the stratum B; G and H, wells that do not flow. Tbe bed A might 
gi\-e a flow at G and H but for the defect in C, which permits the water to descend 
into B and escape through its outcrop, which lies below tbe surface of G and U. 

vent action is limited to such waters as entered at the distant out- 
cropping edge. The cracks and cavities of deep-seated limestones 
are often found to be healotl up with calcite, an index that the waters 
there are depositing, rather than solvent. 

The grounds, tlierefore, for anticipating success in penetrating 
limestone for fountains are not ver>' flattering, though less adverse 
than in the crAvstalline rooks. However, limestones that have once 
Ihvu exjKxseil to surface action, and therebv fissured and channelled, 
ami subsequently buried Wneath a thick mantle of drift day, are not 
alti^othor unpromising. Not a few important flowing wells have been 
iloriveil fri>m them. But when the beds have always lain deeply 
burieil beneath iniper\'ious strata, they have rarely been found pro- 
ductive, so far a^i our knowlo<lge extends. 

In the emplo\niient of several wells, their distribution is a matter 
of some i»nsequence. The normal direction of flow when it is ODce 
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set up by virtue uf the opening of an avenue of tUscliarge is ttlong a 
line drawn from the outcropping edge of the bed down its slope to the 
wdb. Now, it is elear that if sevenil wclLs are arranged aking this 
line* the first one will be better plaecd than those whidi stand in 
its lee. These will be, indeed, measurably supplie<l by laleral flow- 
age under the law of equal pressures, but less direetly and freely. 
If tlie wells are disposed in a eluster, those on the exterior will par- 
tially eut off the supply of the interior wells. A more fiirtunate dis- 
position than either of these would lie an arrangement in a line at 
right angles to the direetion of flow, 

A still more advantageous arrangement» subjeet to local modifiea- 
tion, would im to dispose tlie wells in a curved line, convex toward 





Figs* 1W> and 10 L — Tabular sccticms of strata^ showing (lisadvanUgt«ous arnitigts 

mpnts of welia. 




Fit;!*. 192 nnJ 193.— Tabular sc^jons of strata, showing advantageou» arrangt*- 

mcnte of wdls* 

the collecting tract; for when the draught of the w^elLs has made itself 
felt upon the sheet of water flowing most direetly from the eolleeting 
belt to them, the higlu^r pres.sure whieh the flanking portion still 
suffers will cause a lateral inflow, and the curved disposal of the wells 
■will be more favorable for reeeiving the ingathering currc*nts than a 
rectilinear arrangement, being more* nearly ntirmul to the resultant 
pressure and flowage. The positions of the wells in rt^ard to tlie 
timlei^round water flow is shown in Figs. 190, 191, 102, 193. 

In res|>ect to the degree of separation of the wells, it is obvious 
that su far as the mere qyestion of the greatest reception is eoneemed, 
the farther they are apart the better, for they will affect each other 
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less; but, of course, practical considerations put a limit to their dis- 
persion. 

A second condition of delivery relates to the well itself. It is 
clear that, if the bore merely touches the upper surface of the water- 
bearing bed, only a small space is afforded for the entrance of the 
stream. If, on the other liand, the well penetrates the formation 
deeply, the water can run in all along the sides, and, tliough the in- 
flow at any one point may be moderate, the total amount from the 
large surface presented by the sides of the bore may be great. 

Quite in contrast with the close-textured beds, that are water- 
carriers only by virtue of fissures and channels, are the open-textured 
strata that constitute continuous water-filled sheets underspreading 
wide areas, and which can therefore almast certainly be tapped at 
the proper depth. Speaking in general terms, these are the only 
reliable sources of artesian wells. 

To this class belong beds of sand, gravel, sandstone, conglom- 
erate, and other less common rocks of loose granular texture. Some 
of the more porous chalks and granular limestones may be classed 
here. The common feature of the class lies in the construction of 
the rock from separate particles, loosely put together, leaving small 
open spaces between them. The porosity is of an interstitial, not 
vesicular, kind. 



ESCAPE OF W A T E H AT LOWER LEVELS THAN 
T H E W E L L 

It is manifest that if the confining beds are pierced either nat- 
urally or artificially at a point lower than the surface of the well, the 
water may find relief from pressure by escaping there, and fail to 
flow from the well. This is not often a sourct* of failure from natural 
causes, where the overlying strata are thick, since the tendency in the 
deej)er beds is rather toward the closing of openings and the healing 
of fissures than to the opening of a free passageway. However, in 
those regions in which profound fracture and displacement are com- 
mon, failure from Ic^akago through fissures is a source of apprehension. 

The artificial <i(»f(*cts consist mainly of wells previously sunk. It 
is a well-known fact that, where several an* located near each other, 
those which are lower than the proposed well may already have con- 
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sumed the full delivering capacity of the water-bed. The reverse may 
also happen. The new well, if lower than the previous ones, may 
draw off their flow. The remedy in these cases is simple. Either 
the flow of the Icfwer wells may be reduced until the upper ones dis- 
charge, or else all stopped. 

When the rocks have been broken and displaced or faulted, the 
conditions are not favorable for obtaining artesian water. Even if 
an artesian basin is present, the imper\'ious beds, which would other- 
\%'ise confine water under pressure, may be broken and permit the 
ipvater to escape. In this connection it is to be noticed that hot springs 
are frequently situated on fault lines. In the case of the Stein Moun- 
tain fault, a spring with several surface openings having temj>era- 
tures ranging from 168° to 177° F. occurs on the southwest side of 
Alvord Desert, Oregon. 

It is principally from the study of the structure of the rocks in any 
region that the presence of artesian basins is to l>e determined. The 
reason why structure may be considered as the controlling condition 
in this connection is because the other necessar}- conditions, such as 
the presence of pervious and impervious layers in a series of stratified 
rocks, the presence of water in pervious beds, etc., are of common 
occurrence; while the requisite conditions for storing water beneath 
the earth's surface and under pressure are much less frequent, and it 
is these conditions which are dependent principally on the positions 
which the rocks occupy — that is, the geological stnicture. W^hen a 
saucer-shaped basin is present, the chances are that the other neces- 
sary conditions will also exist. 

The sedimentary' beds are in many instances open-textured and 
of such a nature that water will readily percolate through them, while 
in other instances they are of the consistency of clay and tend to re- 
tain water in the porous beds, if any is pn\sent, between them. 
These conditions indicate* that wherev<»r the sedim<»ntarv' ])eds have 
been bent or displaced from their original horizontal position so as 
to form basins, there is a probability that flowing water may be ob- 
tained by drilling wells. 

When the topographical and geological conditions have been de- 
termined, after careful consideration, to hv favorable for the con- 
struction of a deep or artesian well, it is necessan' to ascertain how 
many wells in the vicinity reach to the stratum it is proposed to tap. 
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Hiid how thoy affect one another. If the starting of a well cau^ies j 
miR'h (liminutbti in Uie di.sdiai^^ of others in tlie neighborhoor! it jj H 
nn indieatiiin that alnrnt all tlie availahle water in the porous straium 
is already being drawn froiu iL Another well may so dlminLsh the 
flaw fmni iUnse pn^vinusly eonstnieted that serious ineonvimience 
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Soruee cm Ibo^ aboal h^ one taore mar be ^mk iri& tntmsmmmcc 
tlmt it w9 ttol be « sontt^ of virjaitioo. 

It K «f cnar^, «ir^3nlile to sii^ the wM msm^ Atanee iiilu the 
|m«us^ .stntum so Ihftt. by petlofmlkAs m tkr W«w pcirti« of Ike 
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pipe, the water may enter the well through a much larger surface 
than is offered by the cross-section of the pipe itself. In case the flow 
remains inadequate after the well has been sunk far into the water- 
bearing stratum, various expedients may be tried to increase it. One 
of these is the explasion of a torpedo at the bottom of the well. This 
rends and shatters the rock, and opens fissures through which the 
water may pass more freely to the well. 

In Fig. 194 is illustrated a view of a spouting well near Aberdeen, 
South Dakota. It is more than 1,000 feet in depth, of 6-inch bore 
and piped; when closed it shows a water pressure of 150 pounds per 
square inch and supplies water sufficient for irrigating a farm of 800 
acres. 

A few artesian flowing wells have been obtained in Illinois and 
Wisconsin from the deep beds of the Potsdam and St. Peter's sand- 
stone. Along the eastern coast of the United States low-pressure 
flowing wells have been obtained, and also at a few locations in the 
Middle States and the borders of the Gulf of Mexico. 

The oil gushers are an anomaly and belong to the department of 
the oil industry. 



CHAPTER XII 

IRRIGATION OF ARID DISTRICTS 

Irrigation, which is of unknown antiquity in all parts of the Old 
World, Europe, Asia, and Africa, and which has been long m prac- 
tice by the prehistoric inhabitants of the New World, as the remains 
of their canals and reservoirs attest, is of the utmost importance to the 
success of agriculture and its sustaining life in all the arid districts 
of our country. 

In its modem methods it is comparatively new and limited in the 
United States; but enough has been done individually to encourage 
the undertaking of extensive irrigation works by the Government and 
by large incorporated water companies; from which vast tracts of 
arid land have been and are in course of being converted into valuable 
and productive land for agricultural, pomological, and horticultural 
use. 

It has been estimated that there are about 2,000,000,000 acres of 
arid land in the United States, of which a large percentage is reclaim- 
able by irrigation. Probably 100,000,000 acres can be redeemed to 
agriculture by the judicious use of the perennial streams and subsur- 
face waters. 

The first systematic application of irrigation in the arid West by 
English-speaking people was made by the Mormons. The soil was 
so barren that crops could not be raised by ordinary means, and, 
forced through fear and privation to adopt new and extraordinary 
devices, they turned the waters of the little canon streams upon the 
ground where Salt I^ke City now stands. After many years of 
meagre success or disheartening failure, they succeeded in mastering 
the art of irrigation. 

At about the time when the Mormons were building up the State 

of l)esert*t, now Utah, the gold miners in California were building 

<Utehes for plact*r washing, and were using water from these ditches 

for irrigation. The results obtained through the use of these ditches, 

^00 
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and also by those of the old missions, attracted public attention, and 
irrigation slowly developed, at first as an adjunct to mining. With 
the stoppage of hydraulic mining in many places, consequent upon 
the passage of the antidebris law, the ditches built for mining were 
either abandoned or used exclusively for irrigation. Many of them 
have been enlarged and have now even greater value than in the old 
days of mining excitement. 

A notable epoch in the development of the West was the founding 
of the colony in northern Colorado, named after Horace Greeley, its 
chief promoter. Although unfortunate in its early years, the colony 
succeeded in learning how to control and utilize the waters of Cache 
la Poudrc River for irrigation. The success ultimately attained by 
the Greeley colony, and the wonderful results shown by the Mormon 
conmiunities, which have spread from Utah north into Idaho and 
Wyoming and south into Arizona, have attracted public attention and 
have greatly stimulated the colony idea. As a consequence, manv 
oi^anizations have been formed for the purpose of bringing people in 
lai^e bodies from the Eastern States, and even from Europe, and 
placing them upon small farms located near each other and supplied 
with water from a common ditch. Individual settlers also have 
sought opportunities for bringing land under cultivation by artificial 
watering, and thus, at many widely scattered points, irrigation has 
been introduced. The Union colony settled at Greeley, Col., in 
1870, twenty-three years after the Mormons had begun irrigating. 
There are no statistics concerning the area irrigated in 1870, but it is 
probable that in that year there were not over 20,000 acres under irri- 
gation in the whole United States. From 1870 to 1880 was an era 
of rapid development of small ditches, constructed by individuals and 
associations of farmers. At the end of that period there were prob- 
ably 1,000,000 acres under irrigation. 

In the decade 1880 to 1890 occurred the "boom" of speculative 
enterprise in irrigation canals. Large sums of money were obtained 
for irrigation works by the sale of stocks and bonds, and great enter- 
prises were projected, canals of upward of 100 miles in length being 
planned and in some cases built. Nearly all of these failed of finan- 
cial success, and althoufjh they have aided in the extension of irriga- 
tion, they have not enriched the investors. 

The Eleventh Census was the first to devote attention to irrigation. 
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and the statistics obtained show that in 1889 there were 3»631,381 
acres irrigated on 54,136 farms, with an average irrigation area of 67 
acres. During the following decade, the irrigated acreage doubled 
in extent. This has been due rather to the extension and enlargement 
of the many canals existing in 1889 and to the more complete practice 
of irrigation on the lands then under ditch than to the construction of 
new and large systems of irrigation. 

A relatively small part of the West is under irrigation. It must 
l>e remembered, however, that only a small portion of the Western 
States is as yet in private ownersliip or included in farms. 

There is great need of systematic study concerning the actual 
effect which the water has upon the soil and upon the plants. Where 
the supply is abundant the quantity of water used is generally far in 
exci*ss of that thei>rt*tically demanded by, or actually beneficial to, the 
cn>[>s. 

The means for raising water for irrigation and farm use from 
sul^surface water stnita and slu^ish streams is a serious matter in all 
the arid regions; but is amenable to the efBcienc\- of modem methods. 
The windmill stands preeminent for individual farm use and is the 
dieajH^t and nu>st effective power for constant work. 

For the puqx>se of irrigation alone the windmill is of the greatest 
ad\'Hntage to the agricultunil interests of the United States, and even 
in iHir Eastern Slatt^s, where irrigation has been heretofore almost 
totally neglect tnl, it has Inx^n finmd l>v trials that by the use of a wind- 
mill with a small slonigi^ i^a^virity for water to meet contingencies the 
inon^aso in a g^inlt^i or small-fruit cn^p alone will amply pay the in- 
terx^t on the plant « and in sea>i>ns of soverv thnxight the saving ^rill 
jviy for the plant. These arv st^ri^His matters for coosidenitioo and 
for the s\ux»v< of iHir srarxU^iors and small-fniit raisois, 

rho avenu^^ voKvity of the wind in a lanre p^^rtiiHi of the Unitetl 
Statt^, and for the lowt^t forve llial will ^lo etTective wofk with a 
wiiulmilK is S miU's ^x^r luHir for fn^m o«l>00 to 6jXX> houis in a vear, 
and an avonu^^ of 16 miles ix^r hour may Ih^ expe^^txl for 3«Q00 hours 
|x^r vt\ir: s«i> that for a jx^wor that ikx^ not rvvrjirv vlaihr attention and 
\-^n Iv utiH5*>l tor twenty-fviur hvHirs of the *iay, it L> the cheapest for 
all um>- xvithiix its sphen* of aotk^*.. For pur.uxrvi: water for storage 
fxvr all xis^^s^ then^ is no r.>v^TV frw>nv>nuciil prin:<* niv^ver. In tlie laij^er 
siws, of .V and t^> feci diAan^er, wind-ix>wer is Ovxnis: e^cwOfnt work 
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in our Western States for millinf^. and in ail sizc»s h largely extending 
its usefulness in imgatioii. The following table gives the sisses of 
windmills in common use, their power and capacity for pumping 
water with an average of a 16-miIe wiTid for eight hours per day: 



TABI.E XXV.— The WI^D^IILI. and Iib Work. 
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For gardens and small-fmit orchards, the smaller sized windmillst 
are nmeli in use, and a 30-foot mill of the model shown in Fig, 
195 will lift enough water !25 feet high to irrigate 7i acre^ everj^ day 
with a 16-mile wind for 8 hours, or nearly f incJi in depth for each 
day, and if a n^ervoir can be made available, a much larger acreage 





FiQ. 195. — Modem windmil] 



Fm. 196.^— Prairie wiiitlmilh 



may be covered, and the duplication of windmills may be made to 
any cxtenL 

Fig* 195 shows tlie wheel plan of the most eflSdent windmill now 
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in use; it consists of two series of concentric blades fastened to the 
purlines of a braced radial frame. The blades are fixed at an angle 
of about 35° to the plane of the wheel. A peculiarly constructed 
mechanism turns the wheel edgewise to the wind to stop it, or to reg- 
ulate its position in a high wind. Fig. 190 shows the prairie windmill, 
called in Kansas the '' Jumbo Mill," generally made with 6 arms on 
an axle placed in a north and south position and lower half covered 
w^ith a lx)x to shield the lower paddles from the wind. A simple crank 
connection to a pump supplies sufficient water to irrigate 6 acres of 
garden land. 

In many of the arid districts the home-made windmills of various 
designs are in view and doing good work in pro>nding water storage 
for the dry season. Where large areas need irrigation, there is no 
more prompt and satisfactory power than the gasoline- or oil-engine, 
which is now made with pumping attachment for any volume re- 
quireil. 

^Uong the river Iwttoms where a current of 4 feet per second can 
be made available, the current wheel can and is found a cheap and 
useful means for a continual supply of water for storage and irriga- 
tion; see Chapter I. 

Where dams or barrages can be made, if not more than 4 feet in 
height, a most efficient service can be obtaineil from the turbine wheel 
and pump. They are made to operate well with 2 feet head, and in 
Europe are running submergwl. 

In Fig. 198 is illustrated a view of an irrigation works with a low 
head turbine wheel at Columbus, Neb. The water-ram is also much 
in use and its fii-st instalment costs much less than other devices for 
irrigation wherever a fall can be obtained of from 3 to 10 feet; see 
Chapter VI on Water-Rams. 



AMOUNT OF W A T E U K E Q U I R E D FOR I R R I O A T I O X 

The quantity of water rt*(|uir(Hl for raising cn>ps varies according 
to the character of the soil. The plants themselves nee<l a certain 
niininunn sup])ly, but a far lar^^er (juantity is required to saturate the 
surrounding soil to such a degn^e that the vitalizing processes can 
continue. The soil is constantly losing water by evaporation and by 




Fig. 197. — Current irrigalioa whtx\, Elgitip Utah* 
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seepage, so that the amount which the plant takes from it is relatively 
small. Among the most important investigations on this subject are 
those by Prof. F. H. King, of Madison, Wis., who has found by direct 
measurement that from 300 to 500 pounds of water are required for 
each pound of dry matter produced. In other words, for each ton 
of hay raised upon an acre, from 300 to 500 tons of water must be 
furnished either by rainfall or by artificial means. 

Water, covering an acre of land to the depth of 1 inch, weighs about 
113 tons, and to produce 1 ton of hay the depth of water required is 
approximately from 3 to 5 inches. It is necessary' to furnish at least 
this amount, and sometimes several times as much, in order to produc*e 
a crop. The actual amount required to produce 5 tons of barley hay 
is about 20 inches in depth. 

When the ground is first irrigated an enormous quantity of water 
is sometimes required to saturate the subsoil. The quantity of water 
turned upon the surface during the first year or two has frequently 
been sufficient to cover the ground to a depth of 10 to 20 feet, and in 
some cases an amount equal to a depth of 5 ft^t or more per annum 
has been thus employed for several years, (iradually, however, the 
dry soil is filled and the water table is raised nearer the surface. 

The pioneers in irrigation sometimes use excessive quantities of 
water, often to their disadvantage. They are actuated in part by 
the consideration that, having paid for the water, they are entitled 
to a certain quantity, and if they do not take it their claim to a per- 
petual right may be disputed. Equity demands that flowing watcT 
shall be considered as a (X)mmon stock or fund, the right to the use of 
which shall be regulated, and beneficial use shall be the measure and 
the limit of such right. 

The quantity of water used in irrigation is usually stated in one of 
two ways. First, in tenns of depth of water on the surface, and, 
second, in quantities of flowing water through the irrigating season. 
The former method is preferable, since it is susceptible of more defi- 
nite examination and is also more convenient for comparison with fig- 
ures for rainfall which an* given in inches of <lej)th. In the humid 
regions the rainfall is usually from 3 to 4 inches per month during 
the crop season. In the arid region, where the sunlight is more 
continuous, and the evaporation gn^ater, there shouM ho for the or- 
dinary crops at least enough water during the growing season to cover 
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the ground from 4 to 6 inches in depth each month. Carefullj tilled 
orchards have been maintained on far less. 

The second method of stating the quantities necessary for irriga- 
tion is of convenience when considering a stream upcm whidi there is 
no storage. It is estimated that 1 cubic foot per second, or 1 second- 
foot, flowing through an irrigating season of ninety days, will irrigate 
100 acres. One second-foot will cover an acre nearly 2 feet deep dur- 
ing twenty-four hours, and in ninety days it will cover 180 acres 1 
foot deep, or 100 acres to a depth of 1.8 feet, or 21.6 inches. This is 
equivalent to a depth of water of a little over 7 inches per month, dur- 
ing the season of ninety days. 

It is instructive, in this connection, to know what is the least 
amount of water which has been used with success. To leam this, 
it is necessary to refer to southern California. Successive years of de- 
ficient rainfall in that State from 1897 to 1900 served to prove that 
with careful cultivation, crops, orchards, and vineyards can be main- 
tained by using very small quantities of water. In some cases an 
amount not exceeding 6 inches in depth was applied during the year, 
this being conducted directly to the plants, and the ground kept care- 
fully tilled and free from weeds. 

In the measurement of water for irrigation in this country there 
has never been a unit common to all sections. The "miner's inch,'* 
or the quantity discharged through an opening 1 inch square under a 
given head, has generally been used, but with different heads so that 
the quantity of water discharged has been variable. According to the 
figures given below, the miner's inch in California is taken to equal 
•^ cubic foot per second, or 1,728 cubic feet per day, and in Colorado 
a little less than -^ cubic foot per second, or 2,160 cubic feet per day. 
Recently the "acre-foot" seems to be coming into favor, especially 
for stating the capacities of storage reservoirs. This, as is evident 
from the name, is the amount of water necessary to cover an acre of 
ground to a depth of 1 foot or 43,560 cubic feet. 

As estimated by various water companies in southern California, 
1 miner's inch of water will irrigate from 5 to 10 acres. The miner's 
inch in this connection is defined as a quantity equaling 12,960 gallons 
in twenty-four hours, or almost exactly 0.02 second-foot, this being 
the amount delivered under a 4-inch head, measured from the centre 
of the opening. Under this assumption 1 second-foot should irrigate 
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from ^50 to 500 acres. This is on the basis of delivering the water in 
pipes or cemented channels in the immediate vicinity of tlie trees or 
vines to be irrij^ated. If it l>c iifisumed tJiat 1 miner's inch is allowed 
for 10 acres, or I second-foot for 500 acres, this quantity of water 
flowing from May to October, inclusive, will cover the ground to a 
depth of a little over -^^^ of a foot, or 8.8 inches. This quantity* with 
the care and cultivation usually bestowed, has been found to be suffi- 
cient- 

1 Cubic Foot per Second Eqijaus; 

•* arr^fiict ia 3i hours, 7,5 gpillons per s«xind. 

(»0 acrt^fet-t in 30 days. 449 i^allows per minute. 

180 acre-feet in 3 montlis. 50 Oklifonna iiidies. 

im *ure-foet io 1 j*ear, 38,4 Colorado indies. 

100 Califobnia Inches fjofuhmi 

4 ncre^feot in 24 tiours. IS i^Uotu^ jier sc«>nd, 

1 acrtr-f^jot in ft bonrs, 000 giilloijiJ \^t minute. 

120 afre-feet in 30 d*Lys, 77 Colorado inches. 

360 aere^feet in 3 months. % cubic feet per second. 
1,440 acre^fcet in 1 year. 

100 Colorado Inciuvs Equals: 

5t &cre-feet in 24 hours, 19 .5 gallons per sesoond 

1 ACTC^foot in 4.S hours. 1,170 jL^n lions per minute. 

155 acre-feel in 1 month. 2>0 cubic feet jier second, 

405 «cn>leet in 3 months, 130 California inches, 
1,360 acre-feet in 1 year. 

All figures Tvhere miner's inches are used must be regarded aa of 
doubtful value for comparative purjK)st's unless a full tlefinitioji of the 
miner*s inch ui^ed is f^iven. The character of the oriiicej as well as the 
head in inches, needs to I* : kno\yn* 

The method of applying water largely governs the amount used. 
In the case of alfalfa., flotxling is practised ; with small grains the water 
is run in furrows; while in the case of orchards the water is sometimes 
applied directly to eadi tree* In this case a little earth basin about 
6 feet or more across and (J inches deep is formed around each tree 
and partially filled with water. The better way, however, is that of 
nmning water in furrows, four or five of these being ploughed between 
^ch two rows of trees. The water is applied very slowly, several 
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days being spent in the process, and when dry the ground is thor- 
oughly cultivated. 



CANALS AND DITCHES 

The shape of the cross-section of a canal depends largely upon 
the character of the surface soil. In light or sandy soil, where the 
earth is easily eroded, very gentle side slopes are given, while in harder 
materials the side slopes can be steeper. 

When the fall of the canal is so great that it is impracticable to al- 
low the water to flow freely down the slope, devices known as drops 
are introduced. These consist of an arrangement whereby the water 
can drop to a lower level without injury to the canal. The force of 
falling water is very great and rapidly digs out earth and gravel, so 
that wherever possible the drops are made with the fall upon solid 
rock. Such cases are rare, and to take up the force of the water it is 
usual to provide what is known as water cushions. The stream falls 
into a pool of sufficient size and depth for the eddying or boiling of 
the water to take up and dissipate the erosive effect. 

These drops are usually built of planks, with a sharp overfall edge, 
and a low dam or obstruction below the fall in order to maintain the 
pool. Occasionally they are made in the form of an incline, with a 



Fig. 190.— The broad ditch on the plain. 

pocket at the bottom to break the force of the falling water. These 
drops arc expensive to build and difficult to maintain, because of the 
rapidity with which the timbers decay and the wearing action of the 
water, which constantly tends to cut exposed portions. 

The earlier canals, being usually of small size, were built with 
heavj' grades. When the canals have been enlarged, the increased 
volume has attained excessive velocity, and thus it has been necessary 
to introduce many of these drops. 

In localities where frosts do not occur to any considerable extent, 
and when* water has greatest value, experience has shown that it is 
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desirable to line the ditches and canals with concrete or cement, re- 
ducing the loss by percolation, and making the channel so smooth 
that the water moves rapidly even on slight grades. Often it is possi- 
ble to trim the banks of the ditches to a uniform surface, and this is 
found to be sufficiently firm to serve as a foundation upon which to 
put a layer of cement mixed with sand and having a thickness of from 
} of an inch to 1 V inches. Where the bed and banks are not firm, it is 
necessary to pave or revet them with small stone, and then place 
upon this a coat of concrete made of small gravel and sand. The 
economy of water resulting from this careful construction has been 
found to be sufficiently large to justify a considerable outlay. 

The pioneer irrigators in planning a ditch use a straight-edge or 
board a rod long (16.5 feet), on one end of which is a block projecting 
half an inch or an inch. When this board is placed horizontally, the 
lower projecting point will thus indicate a fall of half an inch or an 
inch to the rod. By this means points are detennined at intervals of 
a rod where stakes may be driven into the ground, marking out the 
course of the ditch upon 

a slightly ascending or j^^^ 

descending grade, accord- J'^-' 

ing as the work is begun ^y^^ffiW^^ . -^ - =^^.^^ .=:^^,^.j ^^''' 

from the lower or upper ^j^/?' ''-'^^■^^^^^p' 
end. ^'rW'- 

The ditch having been p,G. ^OO— Ditch on the hill-side. 

staked out in this manner • 

or by means of surveying instruments, a furrow is ploughed along 
the course and the earth thrown out by shovels or scrapers. Rocks 
may be blasted away and depressions filled, or crossed by means of 
-wooden flumes. As far as practicable, however, ditclies arc carried 
into and around gulches or depressions in the surface of tlie ground 
in order to avoid building these wooden structures, since they decay 
rapidly and are sources of considerable expense. 

A considerable slope can be used for small ditches, since tlie vol- 
ume of water is not sufficiently great to move the large particles of 
sand and gravel. For example, on the fann lateral, carrying 1 or "2 
second-feet, a fall of 50 feet or more to the mile may not be exc(\ssiv(\ 
the velocity being retarded by the relatively gn^at friction. On the 
other extreme, a large irrigation canal carrying 1,000 second-feet 
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may be in danger uf injury if a grade of much over 6 inches lo the] 
mile is given it. , ^ , 

As a general rule» it may be said that conduits of this diameter 
built in common earth »houM be so pmportioned as lo have an aver- \ 
age velocity of a little less than 3 feet per seeond^ or 3 miles per hour, ^| 
when carrying tlicir full capacity* It is necessary, tlierefore, to take ^ 
into consitltTation the amount of water to !>e carrieti and from thh 
deduce the size and .shape of the cross *secl ion of the canal or ditch 
in order to obtain the desired velqeity* Many of the older irrigation 
works have been given an (Excessive grade through fear on the part 
of the builders of getting ton little falL Some of these grade*5 are as 
much as 50 feet to the mile, giving a velocity to the water of a ft^et per 



i 





Fio. 901, — Stone-lmed ditch on moi]ntaiii*side. 



second, washing tlie bed of the channel anii leaving only a mass of 
cobbles. The seepage through this material, even though the water 
is flowing rapidly, has been known in one instance to be over JlO per 
cent- of the total flow in a course of 4 miles. 



FLTTMES AND WOODEN I'IPKS 



It is necessary in the constmction of nearly every ditch or canal 

! to take water acro,ss a depression at some point in its course. This is 

' usually done by means of a flume or long box, usually rectati^lar 

'and supported above the ground by a frame or trestle of timber or 

iron. Such flumes are often used across rocky ground where it is iiu- 





Fig, 30^ — Wtx«i«i flunt^* n! Liltlc R-nk Cm^k, Anldoj«? Vjilley, Gtl. 




FtQ. 30*. — OJd flume £Lfitl new slave-pipe replaciu^ \ .^ \As,C^V. 
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practicable la dig a difch. This is particularly iht- case near the 
head, where the water, after being taken from the ri%'ert ih often car- 
ried through a narrow, stcep-walled canyon. Here tlie foundation 
for a flume is prc*pared along the rocky cliifs, ssupports being devised 
to suit tlie incquahties of the ground. 

A better, though more e^qj^^nsive, type of flume is that having a 
semicircular section, Tlmst* flumcji are built of narn>w planks or 
staves laid side by siile an<l Isehl in place liy iron bands run around 
file flume, joined by uuIk and threads by wliicli the bands can l>e 
drawn up and the stave^s brought togetla*r. In c rosining very deep 
<lepres,sions it is necessary to have a corres|X)nflingly high trt^stle in 
order to carry the flume acn>ss on grade. Such high trestles are ex- 
pensive and liable to destruction from stonns. In their place there 
!ia ve been built inverted sijihons, or wooden stave-pipes. These pipes 
are similar hi construction to the semicircular fratne of narrow plank, 
carefully planed to a given diniension, and held in place by circular 
iron bands or hoops. 



*Tabl£ XXVI.— Sizfb qf TiLipEzoinAf. Ditchis wmr Side Slopks I to 1; Mean 
Velocities, GaADJi** astj DjiScKAHGE by Kltter'b Formch^a. 
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PLANNING AX IRRIGATION SYSTEM 



In laying out an irrigation system it is usual to begin at the highest 
:>int to be irrigated and to run a trial Hue to the water surface across 
^ands where ditcli construction is most practicable, and on a sliglitlj 
asfjt*nding grade, a foot, more or less, to a mile. Rocky obstruc- 
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tions and depressions are avoided as far as possible by detours in 
the route. 

In planning the larger canals and irrigating systems bringing 
water by gravity, it is necessarj' to consider carefully the slopes to be 
given the conduits. This is especially true where a broad vallqr is to 
he irrigated from a stream whose upper course is only a few feet 
above the general level of the land. If the grade is steep it will be 
necessary either to lengthen the canal or to take water only to the 
lower land, leaving the higher portions of the valley dry. If, on the 
other hand, a ver}' gentle grade is given, the water will flow slowly 
and a very large canal must be built to carrj' the necessary volume. 
Of importance equal to the relative height of the source of tlie water 




Fig. 203.— Section of U-shaped wooden flume. 



and the land to be irrigated, are the effects of the slope of the canal 
upon the velocity of the water and the* consequent cutting or filling 
of its channel. With a steep grade, the water moves with such ra- 
pidity as to pick uj) and carrv- along fine particles, and with increasing 
velocity larger and larger grains of sand or pebbles are moved, erod- 
ing the bottom and producing bars or obstructions at points of its 
greatest width. 

There is in irrigation a benefit of great value beyond the mere 
moisture. The fine silt brought in suspension by the water is de- 
posited upon the surface of the soil, making a light, rich covering, 
which protects th(* young plant and supplies it with food. This sedi- 
ment is of gr(»at(*st value when the source of the stream which carries 
it is from forested areas with decayed vegetation; on the other hand. 




Fig. f05.^Jiviersion dam and heftdgate, Carson Elver. 




Fig. 2CK)* — Concrete drop weir for canal. 
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a stream from the bare mountain slopes may bring fine quartz grains 
of little value to the land. The artificial control of silt is a reproduc- 
tion on a small scale of the method by which nature has made rich 
farm lands. The rivers have brought the fine material from the 
higher slopes and spread it out, fiUing the old lake bottoms or covering 
the flood plains of the rivers. 

Thus it is, when sufficient water to saturate the soil is regularly 
applied to the land, its productive qualities are maintained in many 
cases without impairment for an indefinite period, and soil, apparently 
poor and worthless, produces crops which compare favorably with 
those grown on the richest soil of the humid region. 



THE WORK OF THE UNITED STATES RECLAMA- 
TION SERVICE THE NEVADA PROJECT 

The territory included in the Truckee-Carson Irrigation Project 
is situated in western Nevada. The major portion of the water for 
this project is derived from the drainage basin of the Truckee River, 
while the lands to be reclaimed are mostly within the basin of the Car- 
son River, so that the project involves a union of the two. The prin- 
cipal lands to be reclaimed lie in Churchill and lA'on counties. The 
territory is traversed by the Ogden route of the Southern Pacific 
Railroad, and also by a branch nmning from Haz<»ii to Tonopah. 

The average annual rainfall over most of this torritorj^ is 5 to 6 
inches. The climate is mild, and the proportion of sunshiny days 
is high. Conditions are favorable for the raising by irrigation of the 
ordinary crops of the temperate zone. 

This project, in its ultimate plan, will involve the reclamation of 
about 350,000 acres of land, at an estimate d cost of $9,000,000. The 
more immediate object is the reclaiming of about 200,000 acres in the 
Carson Sink Valley, reaching from the low divide between Wads- 
worth and Hazen, southeasterly to Carson I^ako and easterly to Still- 
water. The town of Fallon is near the centre of the area that is being 
reclaimed. 

The irrigation system so far constnuted consists essentially of 
the Truckee Canal, for diverting the waters of the Truckee River 
from its lower canyon over the low divide to the Carson Basin and 
thence to the Carson River; the diversion of the united waters of the 
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Truekce and Carson from the Carson River by the main di.slributing 
finals on to the principal liodiea of land in Carson Sink Valley; the 
latenil distritvuling system, for the further dktributing of water to Uie 
lands to be reclaimed. 

The eanal is *Mk%\ miles long, tlivided into tJiree divisions at the G- 
and 13-raiIe pointi^* The divisions are numbered 1, 2. and S from 
the licad. An important part of Division 1 is the diversion dam and 
headworks. There are several ejcpetisive structures on Divisions 1 
and €, and alsa three tunnek on the latter. Division S is entirely in 
open eoutitn% 

Following the principle adopted In- the Reclamation Service, by 
which cons! met ed works must be of the most permanent character, 
all the structures are of Portland cement, c^oncrete, and iron or steel, 
no wood lieiiig used except for minor parts, slu for flashboartLs. 

' The heail works consist essentially of a diversion dam across the 
river, and of heaflgates at the entrance to the eanaL The diversion 
point is in the canyon abotit 10 miles westerly and upstream from 
Wadsworth. The elevation h about 4,200 feet. 

The canyon has sides more or less rocky and steep^ but the bottom 
is of some width. It is traversed by the Sc3Uthem Pacific Railrrmd 
(Ogden niitte), the reconstructed line of wliieh runs quite close to the 
canal in places. 

The Of >cralion of the gates is as follows : The lower gate is raided 
dirt*ctly by the screw stem. It slides up I he front of the upper gate 
until it nviches its limit (4'3 feet), wheTi it strikes the hori?5ontal flange 
pnjjecting from the top uf the upper gate, when the furLlier move- 
ment raises both gates. The flashtxiards can be pidled out at the 
tf»p, one by one, as the doiil>le gate is raised. The total height of each 
o|^K*ning is 15 feet, and the 1(» n|>enings give a total water-way of l,^tX) 
square feet. The greatest observetj tjischai^e of the river is aWtit 
<>,0(X> second-feet. 

Th<» H> gate openings are each 5 feet in the clear betwec^n the piers, 
Eaclt gate is virtually composed of thrive sections: (1) the lower gale, 
used alone for the ordinary regnlatirin of water; (ig) the upper gate, 
called into action only when a large stream is required to pass; (S) 
the flashlKHirds, which may be removed for pa^ssage of extreme high 
Waaler, The lower gate is of east iron ij in(4ies thick, strcngtticned 
by radial ribs, and has lugs cast on the back for receiving the screw 




Fia. 507.— ileadgutes, dam, und canal j^ltuct^f Tnickee River, Nev. 




FiQ. 5t*a.— Top of the dajii, galf-lifling screws* 
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METHODS OF IRRIGATION 



The upper gate is of cast iron I inch Uiick, reenforced by rec- 
liar ribs. The two gates togotlter give a total clear opening 10 
[feet in height. 

An interesting work now in progress is the Minidoka irrigation 
project of the United States Reclamation Sennee, in tJie south cen- 
tral part of Idaho, It embraces all the details of a general dL'^triini- 
tion from a dam across the Snake River with a long spillway, con- 
troUing and headworks. Two long irrigation canals, one from each 
^end of tlie dam. 

H The methods of irrigation practised in various parts of the United 
States diifer with the chtnatic conditions and soil, and especially witli 
the early habits or tmining of the irrigators. The methods of fxm- 
serving and applying water have been unproved under the sdnmliis 

I of modem invention, although there has been little if any scientific 
or well-considered information available. 
Water is applied to the irrigated field in three ways: by flooding, 
by furrows, and hy subirrigation, 
Flooding. — Flooding is done by the check system and by wild 
flooding. By the latter process the irrigator tuni,s the water from a 
ditch over a level field and completely submerges it. Perfectly level 
fields arc, however, com|mratively rare, and the first step in primitive 
agriculture by irrigation has been to build a low ridge around two or 
three sides of a slightly sloping field, so that the water is held in ponds. 
These low banks are commonly known as levees or checks. In con- 
struction they are frequently laid out at right angles, dividing the 
land into a number of compartnients. Water is turned from a ditch 
into the highest of these compartments, and when the ground is 
flooded the bank of the lower side is cut or a small sluiceway opened* 
and the water passes into the next field, and so on until each in turn 

• b watered. 
This floi>ding In rectangular checks is practised most largely by 
the Chinese gardeners and' by the Mexicans living along the Rio 
Grande, The banks arc thrown up by spade or shovel, and tlie 
ground between the banks is tilled with a heavy spade or mattock. 
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Water, when had in abundance, is turned into these diedcs, and the 
quantities used are often extraordinarily large. 

Many of the early settlers in the Southwest imitated the Mexicans, 
or employed them as laborers, building checks upon the same general 
plan 9 but usually enclosing more ground. Fields from 1 up to 20 
acres or more in area have been levelled and surrounded by low 
levees of from 1 to 2 feet in height and 5 to 10 feet in width. These 
are made relatively wide at the bottom, in order that the slopes may 
l>e gentle, so that mowing-machines can be driven oyer them. Bec- 
tangular fields are connected by gates set in the levees, so that water 
can l>e turned from one field into the other without cutting the banks 

A better method of procedure with these beds is to let the water 
flow through the upper one until the lowest is covered to a deptti of 




Fig. 211. — Flooding or block system of irrigation. 



about S inches, then obstruct the op<»ning to this bed and permit the 
water to accumulate in the next square above, and so on, filling each 
in succession from the lowest to tlie liighest and allowing the water 
to soak away. It is claimed that by following this course the land 
n'e*'iv<*s water nion* uniformly. 

For crops such as tomatoes, sweet potatoes, and chili, which are 
the most inijx)rlant foods of the M(»xicans, ridges are made in the 
beds in siieh a form that the water is compelled to flow around and 
alonir these until the bed is filled nearly to tlie top of the ridges. Then 
it is hi into the next bed and the operation is repeiated. Instead of 
turning tlu* water from one bed into another, it is customary to pro- 
vide lateral ditches in such form that the water can flow into each 
compartment without pu.ssing through the other. In this way wash- 




FlQ. 2(10. — \}vr\i cut, TnifktT't'arsoTi CuimL 
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ing of the soil is prevented and the amount of water can be regulated 
to suit the needs of each variety of crop. 

On land that is nearly level, small inequalities are smoothed oflF by 
plough and scraper, or by dragging a heavy iron beam across the 
field, pulling the hummocks into the hollows. 

WATERING BY F U K U O W S 

The furrows are ploughed in such a direction that the water when 
turned into them from the lateral ditches will flow freely down them 
without washing away the soil. 

AVhen the water has completely filled the furrows and has reached 
the lowest points, the little streams are cut off and turned into another 
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Fig. 212. — Fnrrow system by chwk levees. 



set of furrows. The methods of doing this differ in various parts of 
the country. Sometimes the irrigator simply cuts tlie bank of the 
distributing ditch with a shovel, and then closes the opening after 
sufficient water has esca[>e(l. A more systematic method commonly 
employed in California is as follows: Water is carricnl to the furrows 
in a small box flume with openings in the side. Tliese openings are 
closed by little shutters and a number can he opened at once, permit- 
ting a certain quantity of water to escape into each furrow. 
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The slope gixen the furrows determines to a eertain extent the 
amount of water received by the soih If the fall is very gentle, the 
water moves slowly and a lai^e portion is alxsorl>ed while the funtiw 
is being filled* If steep, the water quickly passe.^ to a lower end and 
tiiv gnnind dtn*^ niH absorb so much. 

When the entire field has been watered and the surface has l>e- 
come sufficiently drj^ for cultivation, the furrows are usually ploughed 
out and a thin layer of the top soil stirred to make an open, ptmius 
covering or mulch, preventing excessive evaporation and allowing 
the air to enter the j^round. Without such cultivation a hard crust 
may be formed, wliich, although retarding circulation, permits con- 
tinual evaporation. The loosening of this crust breaks the capillary 
connection with the raoisture beneath and thus lessens the loss of 
water. 

For irrigating ?iniall grain, such as wheat, the ordinary plough 
furrows are not used, excepting in the construction of the distriliuting 
laterals. The fields, brought to a uniform surface, are thorr>ughly 
cultivated^ and after the grain has been sown, small parallel lines are 
made similar to furrows, but smaller and nearer together. These 
tiny channels are made either by a peculiar drag or by a roller upon 
which arc projections so arranged as to make smalt grooves in the 
soiL These are made in tlie direetitm of the tlesired slope, so that the 
water can flow do\^Ti the marks thn>ugh the grain as it would in fur- 
roTVS through a ctimfieM, The rapidly growing grain shades the sur- 
face and prevents the formation of crust, rendering subsequent culti- 
vation unnecessary. 

In order to clause the water to spread from the lateral ditehets 
into the furrows through the ground, tlie tappoon has been applied. 
This consists usually of a small sheet of metal * >f such shape as to fit 
across the ditch. This can be forced into the soft cartli* making a 
smalt dam and causing the water to back up and overflow the field of 
grain. Sometimes a canvas dam is used. This consists of a piece of 
stout cloth, one edge of which is tacked to a stick long enough to ex- 
tend across the lateral ditch or furrow. The canvas falling into the 
furrow fits the sides and bottom, and is held in place by throwing a 
clod of dirt upon it. Water meeting the obstruction still further 
forces the canvas do\ATi, making a fairly tight dam, against which 
it accumulates and overflows into the field. After sufficient water has 




FlG. 21 S* — Irrigation on terrac?ed slope* 
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been turned out the canvas dam is pulled up and earrird fartlior down 
the ditch, again placed in it, and anoUier section of the field is irri- 
gated t 

Furrow irrigation is usually employed in watering trees and vines. 
In some localities, however, liasin or p(X»l irrigation is practised. It 
is frequently the case that where the best orchards and vineyards are 
situated water is proc^ured with the greatest difficulty and its value h 
such that large expenditures are incurrt*d in gyarding it ciirefully from 
loss. The supply is cunducteil often in cement-hned ditches and by 
wooden flumes as near as possible to the trA^s and vines, and is then 
turned out into the furrows ploughed around or near the trees. The 
water issuing from small apt*rtures in the side of the wooden l)ox falls 
into the furrows and is immediately conducted to the vicinity of the 
trees* 

Care is usually taken that the water shall not actually toueli the 
tree trunks, and it is extended far enough to wet the gnmnd al>out the 
extremities of the roots to encourage tlaese to spread outward as far as 
possible* After the water has tni versed the furrows to the lower end 
of llxe orchard the supply is cut off and the ground is tilled as soon as 
the surface dries sufficiently* 

The cost of levelling is usually ver}' great, and it is only for the 
most valuable crops and on:*liards that Uiis is done. Where the un- 
dulations arc of such extent tiiat they cannot be removed hy tliis 
method, it is necessaiy, in order to practise check flooding, to adjust 
the shape of the banks or levees to suit these conditions. Instead of 
making them rectangular, the levees are tjuilt along the slopes to fit 
the amtour of the surface. The canal brings water to the upper side 
of the field and follows along on gentle grade. Below this^ at such 
tlislanct* that a bank which is a foot or two in height will pimd the 
water back to the side of the canal, a ridge is built. The distance of 
this ridge from the canal will depend, of course, upon the slope of the 
ground. If ver\^ gentle, the bank or levee can l>e 100 feet or more 
away, while with steeper slopes it must Vie nearer. 

In the irrigation of grass land, clover, alfalfa, and similar forage 
plants it is not feasible to level the ground and build checks. Water 
must l>e applied by some form of flooding. It is conducted to the up- 
per part of the field and there turned loose in such a way as to cover 
the surface with a thin layer* Much care is required to do this, far 
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more than when checks or furrows have beoi made. To get the water 
to the right plac*es it is usual to provide through the fields shallow 
dcpn*ssions which serve to guide the water. From these it spreads 
out in thin sheets. 

The irrigator takes advantage of all of the smaller ridges or in- 
ef|ualities, running the water out upon these and not allowing it to 
esca|>e into the depressions until it has thoroughly wet the surface. 
Not all of the water will soak into the ground, and the amount in 
exci>ss which collects in the depressions is again conducted along con- 
tours to the next lower «eries of ridges. The streams of water are 
distributed, gradually vanishing into the grass land or cultivated field. 
A portion of the stream reappears in the low places; these streams, 
when they attain considerable size, are gradually conducted out and 
used in lower portions of thtf field. 
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Attempts have been made to conduct the water beneath the 
surface inmiediately to the n>ots of the trees, thus preventing waste 
})y evaporation from the surface of the ground. Few devices have 
been successful, owing to the fact tliat the roots of the trees rapidly 
seek and enter the openings from which the water issues, or, surround- 
ing the pipe by a dense network, cut off the supply. Porous clay 
tiling has been laid through orchards, and also iron pipes perforated 
so as to furnish a supply of water along their length. A machine 
lias b<'en invented and successfully used for making cement pipe in 
])lac<\ Small trenches are dug through the orchard between the trees 
and \\w pijxvmaking machine deposits the material in the trenches, 
which ar<» filled with earth as soon as the cement is set. Water is 
thus distributed undcT^round where needed. 

In a nuinbcT of orchards where subsurface irrigation has been 
uiisurcc sst'ul b(»causo of roots stopping up minute openings beneath 
the siirfac<\ tlu* system has been- reconstructed and water has been 
brought to the surface at or near each tn^e by means of small hydrants. 
Vertical ])ipes ar<» placed at short intervals leading to the level of the 
ground, and in these are small <^at(*s so arranged that the flow can be 
eiit off in the Ijuricd pipe. Pushing down one of these gates the 
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water rises and overflows the surface until a sufficient amount has 
been obtained. This gate is then raised and the next pushed down, 
and so on, until water has been caused to overflow at each point 
in succession dowTi the slope of the ground. 

For annual or root crops subirrigation has been successfully 
practised by the use of small iron pipes partly open at the bottom, 
allowing a small amount of water to escape. These pipes are laid 
at 12 inches or more beneath the surface, and are connected with 
lines of tile or clay pipi*s leading from the reserv'oir or source of supply. 
As the crops are removed each year, and the ground cultivated, the 
roots have no opportunity to stop up the pipes. 

The term subirrigation is occasionally applied to conditions 
occurring in nature where water percolates freely beneath the ground 
for a considerable distance sufficiently near the surface to supply the 
need of crops. The ground is not actually saturated, but moisture is 
transmitted in sufficient quantity to nourish plants without drowning 
or waterlogging the soiL These subirrigated areas, so called, are 
often located in broad valleys along a stream from which the water 
finds it way outward beneath the surface. They are occasionally 
found also upon gentle slopes where the moisture tends to form springs 
near the edge of the valley. 

Where the subsoil transmits water freely, irrigation ditches may 
subirrigate lai^e tracts of country without rendering them marshy. 
Thus farms may obtain an ample supply of water from ditches a 
half mile or more away without the necessity of distributing small 
streams over the surface. In the San Joaquin Valley of California, 
vineyards in certain localities art* thus maintained in good condition, 
although water has not been visibly applied for many years. The 
closing of the ditches would, however, result in dr} ing up the ground, 
and this obliges the farmers who are benefited by subirrigation to 
pay their share of the cost of maintaining the ditches, although they 
do not receive water directly. 

It occasionally happens that the lower part of a subirrigated field 
must be drained to remove the excess of water. This can be done 
either by gravity ditches or by pumping devices. 



CHAPTER XIII 

WATKK-PCJWKK WATEB-WH KKU5 

TuK r-onjwnation of water-power by the storage of a ^24-hoiir 
run of a stream for a day's industrial use has become one of the most 
i'f'onifuiu'iil f<*iiturc*s in the use of nature's power. The reservation 
of the flight flow may \h: made to increase the gross power that may 
\h' obtainable from the day flow alone by two and a half times, which 
not only a(>(>lies to small streams, where the whole power is used 
by an individual industr}', but is also applicable to large streams 
nerving a nnjltitude of individual industries. 

There are vast areas in the United States, subject to a scant and 
Measonal rainfall, where the construction of great dams in the mountain 
^or^es and aeross the rivers of the great plains for storage reser\'oirs 
of jKiwer and for wat(T-supply of towns and for irrigation are of 
vast value in the development of agriculture and the industries of 
our arid territory. 

The dry canyons may be made the catch basins of the cloudbursts 
and thus eontribute to the necessities of the mining communities 
by a |)rolori^e(l supply of their most essential element. 

The |)oteritial powcT of a reservoir is equal to the ratio of the 
hours of filling divided l)y the hours of running a mill-wheel, in ad- 
dition to tlie power of the stream flow. Thus a mill day of 10 hours 
may liav<* a stora^<' flow of 14 hours, which may be made to give a 
total jiower of 1 I ] ;* ^l\^(f of the power of the flowing stream. In 
this manner the wat<T-[)ower of small streams may be made valuable 
|)roperties, when their natural flow is not sufficient for mill require- 
ment. 

The loss of h<»ad l)y drawing from the reservoir will depend upon 
the ratio of th<» head to the drop in the w^ater level in the reservoir, 
and this a^ain will be in ])roportion to the area of its surface. 

For example, a small stream flowing at the rate of 15 J cubic 
feet ])er s<'eond with a ])ossible 10 feet w^heel-head, is equal to 12\ 
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gross horsc-powtT, and 12^X2*4 = 30 horse-power; ihmi^ as the flow 

during 10 hours is 4fJ0,(>0() cubic teeU the storage for 14 hours will 

require 560,000 cubic feet capacity in the reservoir withm the avail- 

560000 
able limit of depth. If the limit may be made at 2 feet, then — -^ — ^ 



280*000 square feel will be the surface area, and if 100 feet in width 

280f)00 
can be obtained, ——-—=2,800 feet in length, or any width and 

length that will give the required area* 

For the utiHzation of water-power, one of the earliest and cheapest 
as well as the least efficient of the many devices, h Urn current wheel 
illustrated in Fig. 215. The most efficient velocity of the wheel 





Fig. 215* — Current wbeeL 



Fig, i16.— Under^ot whed* 



peripherj^ is 40 per cent* of the current velocity. The stream velocity 
may be increased under the wheel by a wing dam and in this way 
some very useful power plants Iiave been made for milling and pumpH 
ing. Their horse -power is : 

Area of inunersion of blades^ 



150 



-X(V^S)2 



in which V = velocity of the stream; S= velocity of the peripheiy 
of wheeL both in feet per second; area of blades in scjuare feet. The 
undershot wheel. Fig. 209, is mostly used where small water-heads 
are availabh' from wing dams or rac^es from a local rapid. In this 
way a heail may be obtained from 1 to 4 feet, that can be cheaply 
turned into pftwer. 

The flood nature of the stream should be taken into account in 
fixing upon the size of the wheeL If the fltxid rise does not exceed 
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3 or 4 feet, an 8- to 12-foot wheel may be used. If floods reach 6 to 
10 feet, wheels should he made from 15 to 20 feet diameter — their 
widths according to power desired, but not much wider than their 
diameter. Their best efficiency is when the speed of the periphery 
is about one-half that of tlie wheel-race stream, and will vary, accord- 
ing to their lightness and perfection of design and construction, from 
30 to 45 per cent, of the value of the w^ater passing the gate. 

As the power realized depends upon the velocity of the issuing 
stream from the gate, and which is variable with the variable head 
of water })ehind the gate, the formula for the velocity of the stream 
in the wheel-race will be the square root of the height of the water 
surface behhid the gate above the centre of the gate slot in feet mul- 
tiplied by the square root of twice gravity, v2gXh, from which 30 
per cent, should be deducted for friction on the soleboard and curb. 
For example, with a head of 4 feet above the centre of the gate open- 
ing V'4X2g= 16.04 velocity of the issuing stream, less 30 per cent. = 
1 1 .22 feet per second. 

For best effect, the periphery of the wheel should run at one-half 
the velocity of the stream, or 5.61 feet per second. 

For the horse-power of a wheel with a gate 3 inches deep by 36 

• I 1 I 3X36X11.22 «,,,•/. 1 

mcnes wide we have -— = 8.41 cubic feet per second. 

525X4 
Then 8.41 X 62 V = 525 pounds of water falling 4 feet, and —j:^r— = 

3.8 horse-power of the water passing the gate; which with a wheel 
well constructed, true, and running close to the soleboard and curb, 
hiiving a diameter of 12 feet by 3 feet in width, with 30 blades, each 
9 inches wide, should have an efficiency of 40 per cent., or a deliver}' 
of 1 J horse-power, and in pro])oriion for any other width. 

The Poncelot wheel. Fig. 217, may be made of the same sizes and 
const niction as the undershot wheel, with the exception that the buck- 
ets or blades are curved forward and the soleboard also curved or in- 
cline<l to fit the perii)hery of the wheel, it having been found that this 
form with thin metallic blades caught the water to a better advantage, 
showing an available efFe(»t or efficiency of from 50 to 60 per cent. 

The eom])utation for the horse-power of this wheel is precisely the 
same as for the undershot wheel, as above; only that the efficiency is 
higher and is due to the peculiar curve of the buckets, which for best 



effect should be made of iron plates, and, as shown in Fig. 217, should 
give an efficiency of GU per cent of the value of the gate opening as 




Fig. £17.— -Ponceiot wheel* 



computed for the undershot whccL In size the wheel may be three 
times the head of water, and in width up to twice its diameter. 

The breast wheel is a desiralile form where a head of water can 
be made efjual to one-half the diameter of tlie propo.sed wheel, or 
from o to 1^ feel; or a 10- foot ^vheel for a 5-foot head and a 24-foQt 
wheel for a Isg-ftjot head, for best effect. 

Fig, 318 represents a low breast wheel in its ordinarj* form with 
plain t^lades running in a curb 
to prevent waste at the ends 
of the buckets. 

The volume of water flow- 
ing to a breast wheel may be 
approximately assumeti as six- 
tenths of the velocity due to 
heath multiplied by the area 
of the gate. 

For the theoretical velocity, 
S.O^xVh^ight m feet from 
the centre of the gate opening 

to the surface of tl>e water in the race; and the actual volume in 
cubic feet per second by multiplying the area of the gate in square 







Fm. €18.— Bmist wheel. 
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feet or decimals of a foot by six-tenths of the theoretical velocity, or 
-/gg X h' = V and V X 0.6 X A = cubic feet per second, A = area of the 
gate in square feet. 

When the lip of the gate is depressed so as to give the water an 
impact upon the blades in the direction of their motion, one-half of 
the height of the water above the gate may be the point of measure- 
ment from the bottom of the wheel for the height in the formula for 
the horse-power of the water issuing from the gate. 



Then the 



cubic feet X 62^ X height 
550 



= horse-power of the issuing 



water. 

This wheel as ordinarily constructed has an efficiency of about 
50 per cent, of the value of the water-powder. In the latter expression 
the height may be equal to /i, as shown in the cut. 

The Sagebein wheel is a low breast wheel of peculiar form and il- 
lustrated in its best form in Fig. 219. It is well adapted for heads 
of about one-third the diameter of the wheel, and for a large volume 

of water. The buckets are slight- 
ly curved and placed leaning back- 
ward and tangentially to a circle 
one-half the diameter of the wheel, 
open at the back, and of a width 
to prevent the spill on the inside 
of the wheel at the level of the 
water in the race. 

The wheel should run close to 
a well-fitted sole plate, which may 
be curbed, or the buckets shrouded. 
It is made to wallow in the tail- 
race and to carry such a volume of 
water by its wide buckets and freedom from spill as to raise its effi- 
ciency to GO per cent, of the value of the water-power due the area of 
the gate and the whole head. 

The power of this wheel is equal to 60 per cent, of the weir flow 
of the gate in pounds of water, multiplied by the height of the surface 
of the flood-race above the tail-race. 

The weir flow for any depth up to 24 inches for 1 inch in width 
per minute may be taken from the table, and by multiplying the quan- 




FiG. 219. — Sagebein wheel. 
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tity in. the column opposite the given depth by the width of the gate 

in inches, will give the total flow of the weir in cubic feet per minute. ^ 

_, . cubic feet X62AX height in feet , # , « 

Then the = = horse-power of water flow, 

33,000 ^ 

and this power X 0.60= the horse-power of the wheel. 

In this case the gate should be clear from the surface of the 
water, and is only used for regulating the speed or stopping the 
wheel. 

The overshot wheel has its peculiar province in the greater 
heights and smaller quantities of water flow, but cannot compete 
with the turbine and Pclton wheels in efficiency, nor well utilize the 
high heads for which these wheels are 
adapted. Its efficiency is about 70 
per cent, of the value of the water 
flow. Within the range of its size, or 
from say 12 to 30 feet, a light overshot 
wheel may be made and set up in a 
home-made way that will do good 
work at reasonable cost. Nor is their 
size confined to the above figures, as 
wheels of this type are in use from 4 
to 50 feet in diameter. 

The power of the overshot wheel 
is derived principally from the weight 
of water flowing into and held by the 
buckets. The velocity of the stream 
from the gate by its low head should only be a little more than 
the velocity of the wheel periphor}\ which for best effect should 
be about 5 feet per second. The bucket should be so proportioned 
as to hold more than the required volume of water that is intended to 
be utilized at the best speed of the periphery, so that in computing 
areas, if the gate issues theoretically 3 cubic feet per second, and the 
wheel intended to run at 5 fc^et per second, then 5 feet of the periphery 
should hold the 3 cubic feet of water with sufficient surplus space to 
prevent the spill taking place until the buckets have passed two- 
thirds of the half periphery. 

The horse-power of an overshot wheel is computed by multiplying 
the volume of water passing the gate in pounds per second by the 




Fig. 220.— Overshot wheel. 
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hti^t frrjcn tbfr centre of tbc- ^be- to the bottom of tbr spiD from the 
l«r:keL« in itrt. aod «firidiik^ tiK- prodiict br S30 and nmhiphiiig the 
cfti^jtknt (a* the cYjeffi^-k^t 0.70 for the- korse-poirer of the wheel. 
Th'- vfAunifr iA fl«>w frrjm the gate may be obtained bv the formula 
htr th*- f-ijrr*-nt wheel. 

The safrmill wheel, ^o much in u.^^ in the lumber districts where 
water-power i"* available, '\r- a quick running wheel deriving its power 
mor»- f rriffj the imparl of water under the velocity due to higher head 
than oth#-r wheels of this i.^«. 

\\< best effect- like other wheels, is at <Mie- 
half the peripheral velocity of the water from 
the gate, the varying work of the saw affecting 
the velocity to a great extent. 

The velocity of the water at the mouth of 
tlie gate opening, if it have a sli^tly taper 
form, will be, by the formula for theoretical 
veloc*ity, 

V'eg X W or 8.02 X ^/V 

and this product multiplied by the coefficient 
0.8 for this class of nozle. Thus for a 10-foot 
head in the flume, the velocity would be 

8.02 X yiOX0.8 = !20.28 feet per second. 

For speed of wheel, 3 feet in diameter, the 
variation in work would allow of from 50 to 75 revolutions per 
fiiiriijt<'. 

For Hu? horse- jK)wcr we may assume a gate opening of 2 inches 
wiiKr by 8 foci in l<*ngtli, or an area of 1.33 square feet. Then 20.28 
y I. .'53 20.07 <iibir feet discharge per second. Adding two-thirds 
of the dianic^ler of the wheel, or /i, Fig. 221, will make the total height 
of elFertive {>ower 12 feet, and 




Vui. « I. —Sawmill 
wIh**'!. 



20.97 X 62 J X 12' 



550 



= 36.7 horse-power. 



These wIhh'Is when w<»H made with the outer edge of the blades 
bevelled hack and slightly curved on the face should have a coeflScient 
of 60 per cent, of the gross power, or for the above wheel 22 horse- 
|M)wer. 
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On streams where wiiig dams or other barrages cannot be nuide 
availaliU% a current wheel may be mounted on a float with the blades 
attached to a chain belt as shown in Fig. 252. The float may be 




FiQ. 2«3.— Chain-belt inolor, 

guided by piles or anchored to the shore and its power conveyed to 
a mill on shore by belts or n*|>e drive. Aoolher method of obtaining 
power from deep-water streams with hiw velocity may be obtained 
by hanging a multiblade prc*[H.41er in a slidiiig frame in a well on a 
flat-bottom barge, with its power transmitted by chain and gear. 
This plan, as shown in the two sections^ Fig. ^^S, is a useful power for 




Fro, ^3. — Propetlet wheel on fltiat, 



s ^;§a^^^^^ ' !?^«^^^g g E^4' 



pumping the water from the larger streams for irrigation. The 
facility for lowering the wlieel to the mid-dcj>th of a stream, the section 
of its greatest velocity, and for raising the wheel for mooring the 
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float ia safe shallow water, when not in use, are advantages claimed 

for this method of obtaining temporary power. 

In Fig. 224 is a section of 
a drainage wheel, a modification 
of the type of wheel used in lift- 
ing the water of the south branch 
into the old drainage canal at 
Chicago. It is much in use in 
Europe for draining fens and low- 
lands. 

Power-driven drainage-wheels 
with broad buckets of back or 
tangential slope, and revolving in 

a shield with proper speed, will lift a large volume of water to a 

height of nearly half their diameter. 




Fig. 224.— Drainage wheel. 



IMPACT WATER-WHEELS 

The force of a jet of water as applied to the buckets of a revolving 
wheel has a theoretical value, of which about 87 per cent, has been 
realized in practice. The dynamic force of a jet is the weight of 





feo: 



Fig. 225. — Power of a jet. 
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Fig. 226.— Power of a jet 



water flowing per second, multiplied by its velocity in feet per second, 
and the product divided by gravity — 

WV 

Pressure = = foot-pounds second. 

g 
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When a jet impinges upon a moving blade the formula becomes 

W 2WV X 

P = — (V — U) and when diverted by a curved blade becomes 

g g 

sine - ^— . For the best eflFect of a jet upon the blades of an impact 

wheel, the nozle should be of the best form, as shown in Fig. 73, 
Chapter IV. 

In Figs. 225 and 226 are shown the method of measuring the 
actual force of a jet when it is made to impinge upon curved troughs 
of 90° and 180°. The first giving the contact and exit pressures and 
the second the two pressures combined. 

In Fig. 227 is shown the division of the jet as used on the Pelton 
wheel and its exit at a slight angle to clear the following buckets, 





Fig. 227.— Jet dividing bucket. 



Fig. 228.— Pelton wheel. 



which with other points in construction had contributed to the high 
efficiency of this wheel. An excerpt from the record of an experi- 
mental test gives the following as desirable points of construction: 

" 1. Given a certain stream of water at a given spouting velocity, 
it is advisable that this be taken upon the bucket surfaces of just 
enough buckets to cat(4i every particle of water on the dividing 
wedges, turn it all on the curved surfaces, and discharge it at just 
enough velocity (and entirely in a direction at right angles to the 
entering stream axis) to clear the next following bucket. This re- 
sulting velocity will be the tangent of the discharge angle, multiplied 
by the bucket velocity. 

"2. The air and friction surface must be maintained as small as 
possible by the use of a nozle which will give a perfectly circular and 
solid stream. The bucket surface and cutting edges must be of a 
shape which, with a minimum wetted surface, will allow the stream. 
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without crowiling at any point, to spread out in a thin fan-Uke dis- 
clmrge on each side, llie surfatu niu?%t be sueb that the water Mnll 
not adhere, and m^ smooth m possible/' 

In Figs. ^^0 atul ^30 is sliown the varialions in the design and 
«ljsposition of the biiekits from the trapezoidal Pel ton lypc wluch 
are claiint^d to have advantages in efficiency* 

Fig. £30 represent** one of the latest improveraents In the fomi of 

bucket for impaet wlieels^ driveii by 
a jet from a needle regulating nozle. 





« 



Ficj. a^fl.— Ijeltel wliet4 st^^p 
buckets. 



Fio. !^30.— ElNpsoidfli bucket, Doble 
waler-wheel. 



The Doble wheel is in operation uufler the highest heads available 
in the Paeific coast States with an efficiency above 90 per eent- 



SMALL ]* U \V E R - W H E E L S 



The increasing want of small power and its supply through the 
medium of water pressure made availal>le by tlie great number of city 
and town water- works, artesian flowing wells, and the innumerable 
streams and brooks in the hilly parts of all eounlries — where tJic loss 
by the inefficiency of the common water-wheel bars its use, or makes 
it a negative quantity — has been met by inventive geniust stimulated 
by the requirement in the production of the very efficient forms of 
the small water-motors, as now found on the market, and of w hich but 
little is known of their efficiency and power by thousands who need 
tlie power » but lac*k the necessary information as to what can be done 
to meet the amount of water used per minute, and lis power will Ije 
in ratio of the squares of the numerators, with equal denommators 
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of the fractional sizes; as, for example, if a |^-inch is to be used, and 
with the -^-inch jet column in table XXVII, for a known quantity and 

£2 32 

power, the relative proportion will be — and — or as 4 to 9 ; hence 

to multiply any quantity and power in the fourth and fifth column 
of the table by 4 and divide by 9 will give the quantity and power 
for a ^-inch jet under any of the stated heads or pressures, and in the 
same manner for a -pjj-inch jet. 

The speed of the periphery of any sized water-motor is given in 
colunm tliree, wliich for best effect is at one-half the spouting velocity 
of the water from the jet. In order to turn the stated speed into rev- 
olutions of any given size motor, it is only required to multiply its 
diameter in feet or decimals of a foot by 3.1416 and divide the num- 
bers in the third column of the table by this product. For example, 
with a motor wheel 8 inches diameter its periphery is 0.66 foot 
X3.1416 = 2.07 feet, the divisor. 

The quantity of water that will flow per minute through the best 
form of nozle in sizes from -^ inch to 1 inch, under various pressures, 
with the corresponding horse-power at 85 per cent, efficiency, at which 
many of the best motors approximate, is carried out in the table, and 
from which the revolutions of any size wheel may be found by a simple 
computation. 

The question of the cost of power by the use of small motors where 
water must be paid for by meter measurement is of frequent occurrence 
under the apprehension that quantity of water is all that is required; 
when in reality the hydrostatic head is the most important factor 
of economy of power in small hydraulic motors. 

In the ordinary distribution of water to dwellings in cities and 
towns the water-taps in street mains are usually of uniform size, 
f inch or \ inch in diameter, with the house pipes i or f inch if of 
iron, and } or I inch if of lead. The limit of pressure for dweUings 
in most of the cities and towns of the United States is under 50 pounds 
per square inch, so that motor jets attached to ordinary faucets in 
dwellings are limited to size^ under } inch in diameter and their 
useful effect under { of a horse-power. 

It will be seen by inspection of the table that there is a large range 
of useful power for many purposes with much less than 50 pK>unds 
pressure and with jets of j^- and \ inch in diameter. 
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As the power of a given flow of water is in direct proportion to the 
pressure, so the position of a water-motor should be placed at the 
lowest point that will allow of drainage for the most economical effect 
-where water is to be paid for, which will be in proportion to the cost 
of water by meter per 1,000 gallons. 

Where power is required greater than can be economically ob- 
tained from the ordinary piping of a dwelling, as for printing-presses, 
ventilating fans, small electric-light plants, blowing of organs, coffee- 
mills in stores, and the many requirements for more power than can 
be obtained from a J-inch nozle, a special service pipe is necessary 
of at least four times the diameter of the nozle for distances of 100 
feet or less, and at least five times the diameter up to 200 feet in length 
from the street main. The operation of the sewing-machine has in 
this way become a source of pleasure instead of a tiresome labor. 



TURBINE WATER-WHEELS 

Turbine water-wheels rotate on a vertical or horizontal axis 
-with balanced duplex runners on both types and also with out- 
^ward and inward water flow and inward and downward flow with 
tail pipes. 

The peculiar construction of this class of water-wheels allows 
of the economical use of any pressure head from 2 to 50 fe<»t for or- 
dinary wheels and tip to 200 feet in specially constructed wheels, such 
as made for the Niagara power companies. The following figures 
show the various designs of turbines in use: 




PlO. 281.— Outward flow. 
Foumcyron. 

A, the runner. 

B, fixed blades. 




Fig. 232. — Inward flow. 
Warren and others. 

a, fixed blades. 

b, runner. 




Fig. 233. — ^Inward and 

downward flow. 

Continuous curved 

blades. 
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Fio. 234. — JonvaJ. 

Upper blades Bvecl; lower 

likdes the runner. 





Fig. €S3,— Munson. 

Double up jyid down 

dLscliar^ge. 



Fm- 236.— Volute wilB ^i^ 

downward flow. 





model, with double dmu^hf-pfpe and 
governor* End thrust on shaft l& 
balanced by central inlet and double 
draught^pipeji. 



Ftg, iSfi.— Duublc ninner, 
** Ix'fFel " mtMJel, inward and 
downward. Outsittc blades 
movable and glared for reg- 
ulation. 



Fig. 539 shows the longitudinal and cross -sections of a Swiss tur- 
Une of ItOOO borse-power designed for a high head and consists of a 
single nozle set on the inside of a curv'ed bucket wheel. The Borfe 
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FlQ. €39. — 1,000 borge-power turbine, Swiss model* 



WATEIl-POAYER-^WATER-WHEELS 



^7 



ft^l&bad to niatch the bucketsp The water flow k governed by the 
opening or closing of a sector slide valve controlled by a fly-ball gov- 
enior, the action of which is shoi^Ti by the letters C, M, II in the left- 
hand section of the figure. 

There are many other models of turbines with good records for 
efficiency* which we cannot find iipace for illustrating in the hmit of 
this work. 



5,000 UOHSE-FOW^ER TURBINES OF THE 
NIAGABA FALI^S POWER CO. 

The turbines arc of the modified Foumeyron type as improved 
by ^lessrs, Faesch & Piecard, the water being discharged horizontally 
aud radially. Fig. 340 shows a turbine in section. Attached to tlie 
same vertical shaft are two wheels precisely alike* but inverted so far 
as their attaclmient to the carriers is concerned — that is to say, the 
upper wheel is pendent from its carrier outside of the guide -buckets, 
and the lower wheel rests on the carrier which is below the set of 
guide-buckets. The water enters the wheel-e^ise miiJway between 
the two wheels at a point 136 feet Iwlow the wmler4evel of the inlet 
canal, and passes through the penstock l>y an easy turn and without 
any interruption of velocity to its point of discharge. 

Each of the two wheels eomposiiig the turbine unit are divided 
by partitions into three parts, forming in effect six perfect whc*els, 
three at the ttjp of the wheel-ease and three at the bottom. The 
guide-wheels have 30 buckets, and the turbine wheels have 3*2. The 
furra of the buckets was especially designed to produce the desired 
effects both with relation to power and velocity- The turbine wheels 
themselves are made of bronze^ the rim and buckets being made in a 
single casting. The shaft tliat connects the two wheels is of steel, 
running in oil bearings in the wheel-case, no water being in any way 
accessible to these bearings. 

The regulation of the wheels is effected by cylindrical gates with 
a clearance of ^ir of an inch between the gale and outside of each 
wheel, these gates being attached together and moving simultaneously 
^ath a difference of 1 inch in their position, so that one wheel is un- 
covered 1 inch before the other one begins to open, this difference 
being the width of the partitions that divide eacli wheel into three 
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parts. These eylindrieal gates, which are perfectly balanced and 
adapted to fully control the speed, are not capable of stopping the 
motion of the wheels by choking the discharge from theni. Stoppage 
can be effected only by closing the sluice-gates in the canal leading 
tlie water to the penstock. When the cylindrical gates are closed en- 




FiG. 240. — Section of 5,000 horse-power turbine. 



tirely and no work is being done by the dynamos, the wheels will con- 
tinue to run at about 40 revolutions per minute by reason of the gate 
leakage. 

The vertical shaft which carries the power from the wheels to the 
d3mamo is made of sections of tubing, 38 inches in diameter, varying 
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in thickness from f inch to y\ inch, made without vertical seams, and 
united by steel couplings. Between the wheels and the dynamos 
there are but three bearings — two intermediate bearings, and one 
thrust-bearing, which is at the upper end immediately below the 
dynamo. The thrust-bearing has collars which control the position 




Fig. 241. — Enlarged section and plan of the 5,000 horse-power turbine. 



of the shaft, whether the pressure be upward or downward. Where 
the intermediate bearings occur the shaft is reduced to 11 inches in 
diameter by means of solid steel shafts made fast to heavy steel 
couplings. 

The vertical pipe or penstock conducting the water from the canal 
on the surface to the wheel at the bottom is 7 feet 6 inches in diam- 
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eter, and when tlie wheel is running at full power the water will pass 
duwn the penstock with a velocity of about 10 feet per secxjnd. It 
is true tliat a con si clem bly smaller penstock would answer, so far a^ 
the loss from friction is concerned; l>ut with the larger penstock the 
energy stortni in the falling column of water is less, and regulation of 
the speed of the turbine under change-able load is le»s difficult. 

The weight of this vertical shaft, 13t> feet in lengthy witli the tur- 
bine at its bottom and the dynamo attached tu the top, is tarried by 
the hydraulic pressure in the turbine itself, thus avoiding the com- 
plications and trouble attendant on the use of any of the ordinary 
forms of footstep. The vertical section of the turbine shows the con- 
struction of the balancing piston; it is located just above the upper 
set of blades. 

To make the loss from underload as small as possililc the blades 
and guide passages in both the upper and lower turbines are divided 
into three sets by horizontal partitions, as shown in the vertical sec- 
tion. There are thus three rows of escape orifices, each orifice 4 
inches high and alK>ut 3 inches wide. The valve by which these ori- 
fices are closed and tlte spec^d of the turbine is regulated is made in 
the form of a ruig, surroumUng the whole whct*l and moved verticallv 
by rods connected to the governing mechanism at the top of the shaft. 
The practical etfect of this arrangement is tliat at either one-third or 
twi>~thirds load, the wheel is expected to work at the same eflSciency 
as at full load. At any other load some one of the three sets of blades 
will be working more or less inefficiently, due to the loss of ener^ by 
the thnjttling of the escaping M-ater, 

In Fig, !|43 is illustrated a turbine of 10,500 horse-power, which 
is probably the lai^est and most efficient turbine in operation in a 
single unit. It was designed and built by the I. 1\ Morris Company, 
of Philadelphia, Pa., for the Sliawinigan Water & Power Company, 
Shawinigan Falls, P. Q., Canada. Its efficiency at full load is 86 
per cent* 

The illustration gives a good idea of the principal features of the 
design. It is of the horizontal shaft, ** Francis '* inward-flow tvTje, 
with spiral (or " volute ") casing. The water is discharged laterally 
from the centre of t!ie wln*el through two draught tubes, one on either 
side. The upper curved segment of one tube can be seen in the 
illustration. 
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Pig. 24^.-10,500 horse-power hirbine. 

The diameter of the volute at the intake is 10 feet 6 inches, which 
decreases gradually along the spiml in proportioo to the amount 
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of water flowing at different sectional areas. The height of the 
turbine is 30 feet, 22 feet wide, and weighs approximately 364,000 
pounds. 

The spiral casing permits the penstock to be received below 
the floor of the power-house, thus leaving room for oil switches under 
the switchboard gallery. 

The guide vanes are operated by a vane ring, controlled by pistons 
from the cylinders. The area between the guides is regulated by 
the movement of this ring, and, therefore, the quantity of water 
entering the wheel per second is controlled. 

The wheel is controlled by a Glocker-White mercurial hydraulic 
governor, and also a hydraulic hand-gear. The hydraulic cylinders 
at the top furnish power for moving the regulating apparatus. 

The draught tubes from the wheel are of conical shape, designed 
so that the velocity of the water as it comes from the runner is de- 
creased gradually until it is discharged into the tail-race. The 
velocity from the wheel and around the quarter turn is about 18 feet 
per second, while the velocity at the end of the draught tube as it 
enters the tail-race is about 3j feet per second, the draught tubes 
being gradually enlarged to 10 feet diameter at the ends in the tail- 
race. The head due to the velocity of the flowing water as it reaches 
the runners is about 4 J feet. The draught tube was made a part of 
the turbine wheel and some of this 4j feet of head was r^ained by 
delivering the water in the tail-race at a velocity of 3^ feet per second, 
with a corresponding velocity head of less than ^ foot. The amount 
of head regained by the draught tubes would, theoretically, be the 
difference between the 4 feet and i foot, or 3^ feet. The efficiency 
of the draught tube is, however, only 50 to 80 per cent, so that the 
actual head regained is about 2 feet, and the efficiency is increased 
by the ratio of 2 feet to 135 feet, or H per cent. 

The 10,500 horse-power is transmitted over long-distance electric 
lines 84 miles to Montreal, and there used for street-railways, electric- 
lighting and general power purposes. The current is " stepped-up '* 
at Shawinigan Falls from the 2,200 volt, quarter-phase, to 50,000 
volts, three-pha.se, and carried to Montreal over three cables, each 
composed of seven Xo. 7 aluminum wires. At Montreal it is ** stepped- 
down," with a loss in transmission of 18 per cent. 



CHAPTER XIV 

PUMPS AND PUMPINC; MACHINERY 
C E N T R I F U (i A L PUMPS 

Centrifugal force finds one of its most useful effects in the work 
of the centrifugal pump. 

W V2 . 

Its measure of work is expressed by the formula — p- in which 

W = the weight of a column of water 1 inch square and 1 foot deep 
or .434 of a pound. V- = velocity of the radius of gyration of solid 
disks or .7071 of the radius of the periphery of the wheel in feet per 
second. g= gravity or 32.16. R = radius of the periphery of the 
wheel. 

Then for example, a pump of good design with a wheel 12 inches 
in diameter at 400 revolutions per minute, would have a peripheral 

velocity of -^;r = 20.94 feet per second and 20.94 X.7071 = 14.8, 

the velocity of the radius or centre of gyration. The formula ex- 

,. ^ .... . 434X14.82 95.06 _^ , 

pressed m figures will be - = tztt^ = 5.81 pounds per square 

inch pressure, and the pressure X by 2.3 feet per pound = 13.36 feet 
total lift without overflow. 

Below this head the pump will discharge inversely in proportion 
to the head and area of the pump and pipe connections. This corre- 
sponds with the tests of heads obtainable in practice, less the friction. 

The action of compound and multiple centrifugal pumps multiplies 
the effect of a single pump in proportion to the number of units less 
the friction; they are construrte<l for any lift up to 1,000 feet. 

There are many models of centrifugal pumps on the market, 
of which we illustrate enough to give a general idea of their various 
designs. 

Fig. 243 shows Gw^ne's centrifugal {>ump, which has six equi- 
' 243 
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distant pallets inclined backwardly toward their outer extremities. 
Three of these extend from the axis, and the remainder only from the 
margin of the annular induction-space around the axis. The wheel 
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Fig. 248.— Gwynne's pump. 



Fig. 244. — Golding pump. 



rotates in a shell in the direction of the arrow, and delivers the water 
upward into the eduction-pipe L. 

Fig. 244 shows the Golding volute pump. Four volute blades 
are attached to the shaft by arms. To the outer case are attached 
radial blades with their edges nearly touching the revolving volute 
blades. Suction at centre; discharge at sides of outside shells. 

In Fig. 245 is shown a plan and section of the Wenzel pump, 
consisting of four spiral wings on a conical drum which act as a 

gradual feeder to the main 
wings at the large end of the 
cone. 

The two sets of wings or 
blades are inclined at opposite 
angles to counteract end- 
thrust. 

Andrew's centrifugal pump 
(Fig. 246) resembles a helix, 
which forms the base of a double cone placed vnth its axis in a 
horizontal position, the space between the inner and outer cones 
being the chamber of the pump, and occupied by a turbine-wheel 
shown in the detached view E. F is the stationary boss with spiral 
flanges /, which give the water a twist just as it enters upon the 




Fig. 245.— Wenzel conical pump. 
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Fki. £46. — Helical centrifugal pump. 



action of the whet*!, a is the base of the pump, cast in one pieee 
with the cas€ c, to which is attached by flanges the conducting-t^ase, 
forming a spiral discharge-passage, gradually enlarging to the outlet 
/. A series of grooves, 
which are fitted in a Bab- 
bitt metal box in tlie 
standard h, counteracts 
any tendency to end- 
tlirust 

Fig, ^47 shows a sec- 
tion of a disk pump of 
German type. The re- 
volvmg disk receives the 
water on each side near 
the shaft in curved 
channels, and discharges 
through openings in the 

periphery of ttie disk opposite to a continued slot in the casing. A 
corrugated closure of the shell and disk near the shaft prevents 
back flow of the water escaping over tlie periphery of the disk, 
thereby adding to the efficiency of this class of pumps. 

In Fig, 24H is shown a sec- 
tion of die Worth ington multistage 
turbine pump of three stages. In 
their tlesign tliey are balanced for 
longitudinal thrust and their pro- 
pelling power largely augmented 
by a series of diffusion vanes at 
the periphery of each impeller to 
check the tangential motion of the 
water and feed it radially to the 
next impeller under pressure. 

In Fig. 549 is shown a section 
of a four-stage centrifugal pump, 
design of T* Reuter and made in 
Switzerland. The thrust balance is obtained by placing two im- 
pellent in each section together, so that their thrust pressure sides 
are opposite to each other, thus balancing the shaft-thrust The 




Fig. ^7. — Sin^lcKliak pump. 
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Fig. 248. — ^Worthington three-stage centrifugal. 

water enters the centre of the first impulse wheel from the suction 
chamber A, is thrown out to the annular passage and returns to 

the centre of the 
second wheel 
through a passage 
at its back and so 
on to the second 
pair of wheels and 
the discharge 
chamber at D. 

In the cross- 
section d shows 
the volute sections 
and h the cross 
passages in the 
partitions. At 900 revolutions per 
minute it sustains a forcing pressure 
of 240 pounds per square inch. 

The single disk centrifugal pumps 
with vertical or horizontal planes of 
revolution are much in use for all pur- 
poses of simple water-lift in drainage, 
dredging, and sewage dispasal. Having 
no valves or rubbing surface and a clear 





Pig. 249. — ^Four-stafj:e centrifugal, 
Swiss model. 



passage, mud and sand have a free way. 
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Fig. £50 gives a view of a centrifugal pump of the horizontal disk 
type for a submerged position in which it is self-charged and always 
ready for operation. 

The eflBciency of this class of pumps decreases with their smaller 




Fig. 250. — Submerged pump. 

sizes as shown in the following table of speeds and capacities. Form 
of impeller arms not stated. 



Table XXVIII. — Speed, Capacity, and Efficiency of Single-Disk Centrif- 
ugal Pumps. 



Diameter 
delivery 


Diameter 
suction 


Capacity 
in gallon.s 


Horse-power 
required for 


Side 
suction. 


Double 
suction. 


Efficiency, 


per mmute 
25-foot lift. 


each foot 


revolutions 


revolutions 


per cent. 


pipe. 


pipe. 


lift. 


per minute. 


per minute. 




H 


2 


75 


.05 


1,450 


750 


.37 


i 


2i 


UQ 


.07 


1,150 


595 


.43 


3 


3i 


250 


.14 


820 


500 


.45 


4 


5 


450 


.25 


725 


425 


.48 


5 


6 


700 


.34 


600 


380 


.52 


6 


6 


1,200 


.64 


525 


345 


.49 


8 


8 


2.000 


1.10 


475 


300 


.46 


10 


10 


3,000 


1 62 


450 


265 


.47 


12 


12 


4,500 


2.26 


400 


255 


.50 


15 


15 


7,000 


3.50 


325 


240 


.50 


18 


18 


10,000 


5.05 


285 


185 


.50 


20 


20 


14,000 


7.06 


275 


140 


.50 


24 


24 


18,000 


10.20 


255 


110 


.45 



The s|jeed for a given cajxicity Miries as the square rout of the lift nearly 
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The form of the arms makes quite a difference in the efficioicy, 
as sho^m by the following table: 

Table XXIX. — Efficiency of Different Arms and Lofib. 



Heisfat 
ofltft 
in feet. 



Radial arms 

Straight inclined. 

Curved arms 

Curved aims 

Curved arms 

Curved aims.. . . 
Curved arms 



'^fe^ RevohitioM ! Efficiency, 
pefminute. P^r minute, j percent. 




PUMP LIFT OR SUCTION 



Suction is a term commonly employed to denote vacuum or the 
absence of atmospheric pressure. When a pump raises water by 
suction the water is raised by virtue of the vacuum created in the 
pump cylinder and in the suction pipe. As a vacuum does not exist 
under natural conditions, but must be created by mechanical or other 
means, the natural tendency is to destroy the vacuum and to equalize 
the pressures inside and outside the pump and suction pipes. If the 
pipe were to be lifted free of the water, air would rush in and destroy 
the vacuum, but if the pipe be submerged and a vacuum then created 
above the water, the air pressing on the water forces the latter into the 
pipe and pump and destroys the vacuum. By creating a vacuum in 
the suction pipe a difference of pressure is caused, and the natural re- 
sult is that the flow of water is from the higher to the lower pressure, 
and in the case of the pump, the lower pressure being within the 
suction pipe, the flow of water is naturally from the outside into the 
pipe. 

The pressure on a unit of area is always the same at the surface 
of the water, and is equal to the pressure of the atmosphere whether 
the unit of area lies inside or outside the suction pipe. 

It is well known that in practice it is impracticable to expel all the 
air from the suction pipe owing to imperfections in the pump, which 
allows more or less air to leak in. Sufficient air can be expelled to 
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reduce the pressure to about 2 J pounds, leaving about 13 1 pounds 
unbalaDced pressure, which will raise a column of water in the suo 
tion pipe 27.7 X 1«.5 -^ l« = g8.8 feet, A pump must be in practically 
perfert order to be able to reduce the pressure in the suction pipe to 
2l pjunds, and the majority of pumps whc^n hi good working order 
will not reduce the pressure to less than 3i or 4 pounds, thus leaving 
an unhalanccil pressure of from 11 to 11 5 jioiuids, which corresponds 
to a lunght of from 35 i to 36 feet. This, therefore, is the greatest lift 
at whicb pumps can be ojXTated with a fair degree of economy. 

Assuming 4 ptnirids to be the lowest pressure obtainable by the 
average pump in pmctict*, it will be seen that, as the altitude above 
sea-level increases, the height to which water uiay l*e raised by the 
[pressure of the atmosphere deereiises because the pressure of the 
atmosphere which forces the water into the suction pipe is less and 
therefore it is unable to balance as high a column of water as at sea- 
level. As a matter of fact the pressure of the air in the suction pipe 
at moderate altitudes can be rcnhiced below 4 pounds, because the 
difference of pressure between the air outside and inside the pipe 
would be less and consequently the loss by leakage of air would be 
correspondingly less. 

These conditions apply to all pumps, save those of the centrifugal 
type, which require charging, except when submerged, that are lo- 
cated above their source of supply. 



Tabli: XXX. — Atmospheric PaEssutiK at Difpfrkkt ALTmiDEa irmi Equiva- 
LEKT He An 0¥ Watee asu tme Vektical SueriON-LirT op Pctmfs. 



Altitude, milefl abave sea-leveK 



Bea-level 

j:::;:: 

1 

u 

IJ 

t 



Pressure 

poundit per 
squall int'h. 



15 33 

u m 

10 88 



EquivaleDt 
head of 



33.95 

30. 7H 
t7,7« 
^5.13 



m lotion lift of 
puEupB, feet. 



25 

so 

19 
18 
17 
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ROTARY PUMPS 

Rotary pumps are employed for lifting and forcing water and 
other liquids. For low heads they are somewhat more efficient than 
the direct-acting pumps and the absence of close-fitting parts renders 
it possible to handle water containing a considerable quantity of 
impurities, such as mash, paper pulp, hot soap, and muddy water. 
This type of pump is compact and is generally self-contained, espe- 
cially in the smaller sizes, and will deliver more water for a given 
weight and space occupied than the reciprocating types, while the 
simplicity of construction not only lessens the liability to derangement, 
but enables persons having a limited knowledge of machinery to 
handle them successfully. Rotary pumps are driven by means of 
belts from line shafting and by wheel gearing, and also by direct con- 
nection to any prime mover such as a steam- or gas-engine, or electric 
motor. 

Rotary pumps may be divided into several classes according to 
the forms of and methods of working the pistons or impellers, as they 




Fig. 251. 




Fio. 25«. 
Wing Piston Rotary Pumps. 




Fig. 253. 



are usually called, that is, according to the construction and arrange- 
ment of the hutments. The butment receives the force of the water 
when driven forward by the pistons or impellers and also prevents the 
water from being carried around the cylinder, thus compelling it to 
enter the deliverj' pipe. In the construction of the impellers or pistons, 
and of the hutments, lies the principal differences in rotary pumps. 

The rotary pumps with movable pistons, as shown in Figs. 
251, 252, and 253, have been the theme of inventors during the past 
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tiiree centuries. Their wear from side-thrust on the blade pktoiiB 
limits their usefulness to small pressures; but they are verj* compact 
and useful in the transfer uf large volumes at low lift. 






, ,. t 

Fio» 454, — Pttpfieulieim pump* 



■""*f^ 



J- 



Fig, %55. — Rejisolti pumji. 



The double decp-toollied g<*ar pump was an early rotary device 
with the design of obtaining simplicity of in tenia! parts and of operat- 
ing it at higher pressures than obtainable with the vnng piston type* 
Fig, 254 shows a section of the Pappc^uheim pump and Fig. 255 
shows a section of a modification of this principle in the Repsold 
model, consisting of two differential sector cylioders revolving in 
contiguous cylindric^al shells. The greater and smaller sector surfaces 
match antl alternately close the area between the centres of revolution. 

An innovation of the principle in the design of tlie double deep 
toothed gear pump is that of the HoUey pump^ Fig, 250, with two 




Fig. 456, — HoMey pimp. 



Fig. €57, — Screw pump. 



or Uiree long teeth in each diak, meshing with counterparts in the 
opj>osite dbk» by which the volume per revolution was greatly in- 
creased. 

The Quimby screw pump. Fig, 257, is a novelty in the line of 
rotar)^ pumps, in which two screws revolve in mesh with each other 
and are enclo§ed in a close-fitted case. The suction is taken at each 
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end from the chamber S and discharging at the middle D, thus 
eliminating shaft and pressure thrust. The screw threads are right 
and left hand on each shaft. The two-shaft stuflSng-boxes are on the 
suction side and almost frictionless. The action of the screws on 
the liquid is continuous and without the eflFect of pulsation on the 
whole length of the pipe colunm. 
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The single and duplex cylinder piston pump Ls the accepted ideal 
model of the means for raising and for forcing water against anj 
required pressure and for the highest duty of its impelling power. 

Of the ordlnari^ single- and double-acting pumps with ^tingle and 
duplex cylinders, there is little need for their description and illustra- 
tion in tins work an their domestic use has made their construction 
familiar to evt'rj^ one interested. However, there is cnie so different 
from the ordinary models, that we illustrate its construction for its 
novelty. It is the West double-acting differential pump combined 
wath its air-clmmber in one compact cylin- 
drical shell. The lower section is of the 
same construction as the ordinarj" lifting 
pump. The upp<^r section has a solid piston 
connected by rod to the lower bncket piston, 
and moving in an open cylinder projecting 
down from the cover, thus making the upper 
part of the pump an air-chamber. 

This combination makes the pump a fa- 
vorite for domestic use. 

The power pumps may be classed as of 
varions types and models driven clircet by 
steam, air, or crank and indirectly by belt 
or rope-transmission from a water-wheel or 

other motor, and may be designated as single power pumps, duplex 
power pumps, triplex and multiplex fwwer pumps. When driven 
from a running shaft used for operating other machinery they 
develop their greatest economy. 

The power required for operating pumps is computed theoretically 
as with other power formulas for raisiiig water and other material 
^m their natural level and of which the weight, height, and time 

«5S 




Fio. £58.— West's pump* 
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ATT the principal factors. In the practical opcratioo, the retardiiig 
^elementii of friction of the water in its devious passage through the 
jMimp and pipes; the slip or leakage of water past the pistoo and 
valves; the friction of the moving parts of the pump; the loss in the 
application of the power for driving the pump and with direct-acting 
steam-pumps, the kjsses in the cylinder of the steam end are functions 
affecting its efficienc}'. The efficiency of power-driven pumps usually 
rangffs from GO to 90 per cent. ; while the direct-acting steam-pump of 
the sizes used for Iwiler feed and factory supply has an average 
efficiency of alxiut 50 per cent. The efficiency has been found to 
vary with the height of lift from 45 per cent, at 15 feet lift to 87 
per cent, at 87 feet, being the combined efficiency of the steam 
and water end of the pump. A piston speed of 100 feet per minute 
has becrn assumed by manufacturers as a standard of pump capacities; 
but well-rc»gulatcHl pumps may run at any speed from a mere motion 
to 125 feet or more per minute and for fire use still higher speeds 
are attained. 

The theoretical capacity of delivery from a pump may be ob- 
tained from the following formulas in which: 

Q = cubic feet per minute; 

G= gallons per minute = 7.48 Q; 

N = -^— — = ratio of the scjuare of the diameter to the area of the 
4 

piston ; 

d = diameter of piston in inches; 

1 = length of stroke in inches ; 

N = number of strokes per minute. 

TT d^ 1 N TT Nd^l 

Then Q= - X-"- X /^ = . 0004545 Nd^, and G=f X^^^ = 
4 144 12 4 231 

.0034 Nd^l; and for the diameter of the piston for a given quantity 

per minute in cubic feet d = 46.9 a/^-t; 46.9 being derived from 

the square root of the inches in a cube foot multiplied by .7854. 
Then for the piston speed S in feet per minute, make d = 

/Q 

13.54\/ — . 13.54 being derived from the square root of the inches 

/ 144 

in a square ioot divided by .7854 = 4/ = 13.54. 

* " V .7854 
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For Ihe theoretical horse-power required to raise water to a given 
, .. ., .. WeichlX height , Q hX144X.iS3 , QP t 

'»^''^^"' "• ^- 33,(XH) '^'^^ asjSxi — "'^° 33:000- 

"" - in which Q = quantity iJi cubic feet; P pressure in pounds 
33,000 ' 

per square inch; W = weight of the volume; h== height in feet, to 

which add the friction for the actual horse-power. 

The actual power required for pumping water includes the fric- 
tion of the pump, the water in the pipe line^t and enough more to in- 
sure the free running of the punip, which must be added to the theo- 
retical computation of the [K>wcr. 

The theoretical power required to force water to a given height 
depends principally on the vertical distance through whicli the water 
must be raised. The steam -cylinders of nearly all pumps are of 
larger diameter than the water-cylinders, the diameter of the steam- 
cylinders being usually from ^5 to 50 per cent, greater. In pumps 
used for boiler feeding the ratio of diameter of steain- to water-cylintler 
is generally about 1.25. In pumps use*! exclusively for low-pressure 
work, that is, for moving large volumes of water under low pressure, 
the ratio is less, and for high-pressure work it is considerably 
greater, 

The stearu pressure required in any pump is found by <!ividing 
the pressure of water per square inch against the water-piston by the 
ratio of the area of the steam-cylinder to the area of the water-cylinder, 
The total pre?*sure acting u{H>n a piston is found by multiplying the 
area of the piston in square inches by the pressure in pounds |3cr 
square inch, and the ratio of areas is found by dividing the area of the 
steam-piston by the ar^ of the water*piston, both areas being taken 
in square inches^ 

It will be st^en that the steam pressure is as much less than the 
water pressure as the area of the steam-piston is greater than the area 
of the water-piston* 

It is also plain that the areas of the pistons are inversely propor- 
tional to the pressure* hence the following rules t 
Water pressure 



Area steam-cylinder -^ area water-cylinder 

Area water- cyl i n dcr X wat er pr essu re 

Area steam -cylinder 



= steam pressure. 



steam pressure. 
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Water pressure _area steam-cylinder 
Steam pressure area water-cylinder 

Area water-cylinder X water pressure _. . 

^r^ =area steam-cylinder. 

Steam pressure "^ 

Area steam-cylinder X steam pressure _. , 

=^7^- =arca water-cylinder. 

Water pressure "^ 

Area steam-cvlinderX steam pressure 

7 : r; — z — = water pressure. 

Area water-cylmder ^ 

In the foregoing rules the pressures are to be taken in pounds per 
square inch, and the areas of cylinders in square inches. 

The term power refers to resistance overcome through a given 
space in a given time. The resistance is generally expressed in pounds, 
the space or distance in feet, and the time, 1 minute. From this it is 
evident that it is not necessary to know what offers resistance, whether 
it is air, water, gas, the force of gravity or a spring. All that is required 
is to know what the resistance is, expressed in pounds. It is obvious 
that the same rule apphes to all means of producing and utilizing 
power by mechanical means, consequently this is the method em- 
ployed when finding the power required to raise water whether it is 
accomplished by suction or by forcing the water, or by a combination 
of these processes. 

The resistance offered by a pump is that due to the weight of a 
column of water, which is found by multiplying the height of the 
column in feet by 0.4?33. This weight or resistance acts on each 
square inch of the water-piston, hence the total resistance on the pis- 
ton is found by multiplying the resistance on 1 square inch by the 
number of square inches. The piston speed in feet per minute is the 
distance or space through which this resistance is overcome in that 
time, and resistance in pounds multiplied by distance in feet equals 
foot-pounds. 

It will also be seen from an inspection of the rule for finding the 
power required that it is not necessary to know the area of the water- 
piston; all that is necessary is to know the resistance in pounds and 
the distance in feet through which it is overcome in 1 minute. Re- 
sistance to a pump piston is represented by the weight of water, so 
that by knowing the weight of water in pounds and the distance it is 
raised per minute, the power required can be found by simply multi- 
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plying together those two quantities. Suppose, for illustration, that 
100 gallons of water, weighing 833 [>ounds, are to be rabed 100 feet 
in I minute* The number of foot-pounds of work is 833X100 = 
83,300, and, since this work is accomplished io 1 minute, the power 
required is 83,300 fm*l- pounds per minute. Since 33,(K)0 foot- 
|H>unds per rainute repn*sent 1 horse-power, it will require 83,300 -r- 
33,fK>0 = ^,*i horse-power to raise 100 gallons of water a mijiute to a 
height of 100 feet. 

This explain.^ how the following rules for Ending the horse-power 
of a pump are obtained: 

(1) Horse-power^ 
weight of water in pounds X vertic^al distance* in feet per minute 

33,000 

(2) Horse-power = 
area water-cylmd er X water pressure X piston speed 

'^ 33/WO 

and since area water-cyl in derX water pressure = area steam-cjlinder 
X steam pressure, we have: 

t(3) Horse-power = 
^ area steam-eylintlerX steam pressure X piston speed 

W ^ 33,000 

The eflSciency of a pump is measured by the work do^e in foot- 
pounds by the water end, divided by the work done In the steam end 
or by any other power and is generally taken at fmm 50 to 75 per 
cent, for small and ordirmrj' service and with increased efficiency 
when w*orking against the higher pressures. 
When pumps take their supply from water-works mains their 
actual efficiency when driven by steam is decreased and is increased 
w*hen driven l>y other power. 

Of the three types of piston pumps in general use we illustrate their 
K sectional details as shown in Figs. 25<), 260, 261, and W2^ 

■ Among ilie many designs of pumps for sjK*eial use otlier than 
before illustrated are the ordinary plunger wilh outside packing, 
much in use, although of verj^ old mcxiel, for hydrauHc high pressures, 

K far mine-shaft sinking and deep- well service — wrecking pumps; 

■ ammonia pumps, and the pulsometer, which is driven liy the direct 
I pr^^ure of steam. Pumps are made in multiple units and combined 
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as the duplex, triplex, and more cylinders, the pistons of which are 
operated from a crank shaft; or, as with the duplex steam-pump, 
each piston motion is reversed by the movement of its opposite piston. 





Fig. 259. — Piston pump. 



Fig. 260. — Inside plunger pump. 




Fig. 261. — Duplex plunger pump. 



Fig. 262.— Duplex pump. 



The single-cylinder pump is preferred by many persons for several 
reasons, and among others, that the single-cylinder pump of given 
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capacity is said to deliver more water in proportion to the size and 
to steam used than the duplex. This is due to the fact that the 
volume of water delivered by each side of the duplex pump is dependent 
to a considerable extent upon the friction in each side. If the stuffing- 
boxes of one side, for instance, are tightened more than on the opposite 
side, the pistons on the tight side will move more slowly, and as the 
valve on that side is actuated by the more rapidly moving piston on 
the other side, the stroke on the tight side is apt to be considerably 
shortened, which reduces the volume of water delivered corresponding 
to a given number of strokes per minute. In the single-cylinder 
pump the piston never starts on its return stroke until it has traveled 
the full length of its stroke in either direction, since the admission of 
steam is controlled by the motion of the same reciprocating parts 
which it operates. 

The better economy claimed for the single-cylinder pump is due 
to the smaller radiating surfaces for a given capacity, and to much 
smaller clearance space in the steam end. The latter is due to the 
fact that the single-cylinder pump has two main ports leading to the 
cylinder instead of four in each cylinder as in the duplex. In several 
makes of single-cylinder pump the number of working parts is less 
than in the duplex type, while the liability to derangement and the 
necessity for readjusting the valves is almost wholly eliminated. 

The connection of a pump with its driver and the kind of motor 
is of importance and especially so with a steam-cylinder. In the 
ordinary steam-pump, the steam-cylinder capacity bears a certain 
relation to the water-cylinder capacity, according with the relative 
proportion of pressures. The valve gears are of many designs and 
their action is described and explained in the catalogues of their 
manufacturers; also in the work on ''Modern Steam Engineering" 
by the author of this work. 

The favorite design of valve for single-cylinder steam-pumps is 
the combination of the piston-valve as a driver of a slide valve as used 
on the Knowles, Blake, (^anieron, and other makes. In Fig. 263 
is shown a section of the Knowles single pump, with its valve-gear. 

The main valve is of the B form with a flat seat; it has on top a 
stem which fits into a recess in the piston A. The piston has a slight 
rotation from the curved rocker R, which alternately covers and un- 
covers small ports, S, S, in each end of the cylinder that communicate 
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with and throw the pistoo-vmlve and main Tmlve by the 
made by the ovemin of the main steam-pistoo. 




Fig. 283. — ^Knoiiies steun-pumpu 

The valve gear of the National steam-pump is shown in section in 
Fig. 264 in elevation and plan, consisting of a main valve and piston- 
driver as before described with the addition of a small D valve in a 
side chest for operating the piston-valve from the motion of a lever 
and sleeve on the main piston-rod. 



VV-l^f^, 



IjJhSI! 




Fig. 264. — Main and auxiliary valves. 



The valve piston or driver that operates the main valve is steam 
actuated, the steam being admitted to and released from the auxiliary 
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eylinder liy nicaas of a small slide valve operated by the valve gear. 
The small slide valve k similar in every essential feature to the slide 
vaJve of an engine, admitting and releasing the steam in precisely 
the same manner. In this pump usual collars and tappets on the 
valve stem are dispensed wit Ik the stem receiving motion by means 
of a roller carried by a slide block to which the valve stem is 
attached. The roller is given a lateral motion by set screws in the 
forked ends of the rocker-arm. By adjusting tlie position of the 
set serews the travel of the 
small slide valve is varied 
to suit the speed of the 
pump, thus prevriiting the 
main piston from striking 
the heads under varying 
speeds. 

Many punips of differ- 
ent makers have a small 

supplementary slide valve at the side of the main valve, operated by 
speeds on the main valve which is moved through part of iU stroke 
hy the main piston-rod and a lever and opening the ports to the 
piston-valve, tliereby giving a full thrf>w to the main valve. The 
duplex steam pumps have a double set of steam-ports which produce 
it cushion at each piston stroke by covering ilte inside ports alter- 
nately; a plain D slide valve making the closure by its movement- 
A roeker-anii linked to the piston-rod of each side of the pump 




Fic. f65,— l>can duplesc pump. 




Kumvlt's (IivplFx pump. 



operates the opposite valve. These valve moveinent*? are character* 
istic of the Dean, Knowles, Wortliington, Blake, antl other duplex 
pumps. 
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To describe and illustrate the large number of designs of steam- 
pumps on the market would fill a volume alone, and it is best 
to refer to the catalogues and descriptions furnished by their makers. 



THE PULSOMETER 

The pulsometer is a steam-pump, which dispenses with all movable 
parts except the valves. Fig. 267 represents a sectional view of a 
pulsometer, as manufactured by the Pulsometer Steam-Pump Com- 
pany. It consists of two bottle-shaped chambers A A, joined together 
side by side, with tapering necks bent toward each other, and uniting 
in a common upright passage to which the steam-pipe is attached. 

A small ball C is fitted so as 
to oscillate with a slight roll- 
ing motion between seats 
formed in the junction of the 
two chambers, which are al- 
ternately opened and closed 
for the admission of steam. 
Each chamber communicates 
by means of a separate suc- 
tion-valve, E E, with the com- 
mon vertical induction-pas- 
sage D. II are valve-guards 
to prevent the valves from 
opening too far. E^ch cham- 
ber communicates, by means 
of delivery-valves similar in 
construction to the suction- 
valves, with the common de- 
livcr^'-passage H. J is the air- 
chamber, cast between the 
necks of chanil)ers A A, which connects only with the induction- 
passage I). A small brass air-check valve is screwed into the nec*k 
of each chamber A A, and one into the vacuum-chamber J, so that 
their stems hang downward. The check-valve in the neck of each 
chamber A A, allows a small quantity of air to enter above the 




Fig. ^67.— Pulsometer. 
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^water, to prevent the steam from agitating it on its first entrance, atitl 
to diminUh the condensation of .steam during the discharge stroke. The 
check- valve in tlic vacuuni-chaiiiber J serves to cusliion the blow of 
the water consequent upon tlie filling of each chamber altenialely* 

The action of tlie pttlsonieter is as follows: When all chambers 
and pipes are empty, the air-check valves have to be closed, and the 
globe valve opened for an in.^tant; then steam will enter one of the 
chambers* ex|>el Uie air, and conden^se* forming a vacuum. This 
operation being repeated several time^t both chambers w^ill be filled 
with water through the induction-pi pe* Each air- valve in the chamber 
must now be opene<l a little, to .^eaire a n^gu lar and c^ontinuous 
action, which will be recognized by the steady pulsation and smooth 
w^orking of the steam-ball without a rattle. Steam, being now per- 
manently admitted, enters the chamber not closed by the ball, and 
forces out the water througli the discharge-valves, until its surface 
is lowered below the dischai^eH>ri6ce, 
At that instant the steam begins to es- 
cape into the discliarge-pipe and con- 
dense; thus a partial vacuum i.^ formed 
in the chamber. The water in the other 
chamber now presses the ball, which 
rolls over and closes the first chamber, 
where water enters through the indut^ 
tion-valves to fill the vacuum. The 
operation alternately changes from one 
chamber to the other. 

In Fig. ^68 is illustrated an devation 
of a type of eonijKjnnd l>eam pumping 
engine for wattT-workii, not of recent 

date, l>ut still doing good work at a duty of about 150,000,(WK) 
foot-pounds per 1,(J(J0 pounds of steam. The high- and low-pres* 
sure eylindrrs are iiulincd to make room fur the dirc*ct connecticrti 
of the pump and crank rtMls. 

The duty records of steam pumping plants for water- work^ sup- 
ply has gradually increased during the jmst few years by imjirove- 
menis in the design, mechanism, and by multicompounding with 
superheat, from LM),tMJO,0(iO ftx>t-t.H>untis in 1890 to above 181,000,000 
foot-pounds in WOQ per 1,000 pounds of steam. 




Fjo. 308.^ — 0>iii pound l}cam 
pumping engine. 
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The boiler horse-power required for each pump horse-power in 
modem steam pumping engines may be stated as follows on the basis 
of 10 square feet of heating surface per boiler horse-power: 



T.^BLE XXXI. — Ihrrr of Steam in Boiler Hobse-power. 



Lhjty in fo*>t-pr»und!» 

per 1 .000 pouofit *>( 

ffteam. 



BfiHer boree-power 
per pump 
horse-power. 



Duty in foot-pounds 
per IjOOO pounds of 



Boiler horse-power 

per pump 

horae power. 



40,000.000 


1 63 


140,000,000 


47 


50,000,000 


1 32 


145,000,000 


46 


60,000,000 


1 10 


150,000,000 


.44 


70,000,000 


5W 


155,000,000 


.43 


80,000,000 


.83 


160,000,000 


.41 


90,oor),ooo 


.74 


165,000,000 


.40 


100,000,000 


.66 


170,000,000 


39 


110,000,000 


.60 


175,000,000 


.38 


115,000,000 


.57 


180,000,000 


.37 


120.000,000 


.55 


185,000,000 


.36 


125,000.000 


.52 


190,000,000 


.35 


130.000,000 


.51 


195,000,000 


34 


135.000.000 


.49 


200,000,000 


.33 



And to make this complete, it should be supplemented with the 
further statement that the limits of steam economy in the pumping 
engine are about reached, both theoretically and practically. Not to 
go too far back the duty records have been, and are, as follows: 



Year. 


FrK>t-poundA per 1.000 year 
pounds steam. ^^" 


Foot-pounds per 1,000 
pounds steun. 


1893 
1895 
1898 
1900 


154,048,700 
157,W3,000 1 
167,800.000 
168,532.800 


1900 
1900 
1906 


178,497,000 
179,419,600 
181,068,605 



And finally, the leading work has become cr^-stallized into the 
vertical, triple-expansion machine, with outside packed plungers, 
and largely of the crank and fly-wheel type. 

It is scarcely possible that the cost of pumping stations for water- 
works will be increased on account of a higher type of engine, because 
it is evident that the limit has been about reached with the new record 
of a little over 181,000,000 foot-pounds duty per 1,000 pounds of 
steam. Six years ago it nearly touched the 180,000,000 mark, and 
might have with some other refinement in the test; at any rate a gain 
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of le»s than *G of one per cent, in six years, with every nerve strained > 
is evidence of the top limit. The Mariotte curve is a)iout the nearest 
approach to perfection in expressing the relation Ijetween the work 
done and the anion nt of steam used in doing it apparently possible 
for the modem sleam-ciigine to accomplish; and, if the terminal 
pressure is taken as expresvHing the steam used and all of tlie steam is 
accounted for by the diagram, somewhere in the inimediate neigh- 
borhood of 180,(KJ0,000 duty with 9(i per cent, efficiency of the ma- 
eliine will l>e the resulting figures with a reasonable amount of steam 
used in the jackets and reheatern charged against the account* If 
there were no necessity for the use of jacket steani the figure would 
approach 200.000,000 rather closely, and if superheating can save 




Fig. ^a^, — Ilori^anlal cotTi|»tJiiutl jmtniiin^ engine. 



the jacket steam and vitalize the working steam, the latter figure may 
in the near future be reached so far as the report on high duty aeeom- 
plished in a calculation is eoncemed. 

In Fig, 269 is illustrated a view of the Gaskill horizontal pumping 
engine at the Saratoga Springs water- works. 

It is horizontal, of the rotative, non receiver, conipound-beam 
type. The engine has four steam -cylinders, one high* and one low- 
pressure in each pair; the low*pressnre (42* diam., 36* stroke) be- 
neath the high-pressure (lit* diam., 56* stroke). There is one pump 
to each pair of steam-cylinders, and each has a double-acting plunger 
20* diam., 3G* stroke. The fly-wheel revolves l>ehveen» and has its 
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pillow-blocks upon the pump cylinders. The cross-heads of h^h- 
pressure cylinders are connected by links to a beam, which is in tum 
connected, one end to the crank, and the other ead to the pbton-rod 
of the low-pressure cylinder and pumps. 

The following data were obtained on trial: 

Time «0 hours. 

A\'enige pressure by engine gauge 14.i5 pounds. 

Average pressure b>% in force main 95.068 pounds. 

Average \'acuum 27.295*. 

Average temiierature feedwater to boilers 169.175** F. 

Revolutions in 20 hours 21,449. 

Revolutions per minute 17.8742'. 

Piston speed per minute 107.2452. 

Total coal burned 6,750 pounds. 

Discharge per revolution 187.125 gallons. 

I>elivery at 18 revolutions per minute 4,850.280 gallons. 

Net absolute duty 108,793,525 pounds. 

A subsequent test gave a duty of 113,378,000 foot-pounds. 

In Fig. 270 is shown a sectional elevation of the Worthington hor- 




FiG. 270. — Worthington compound high-duty pump. 



izontal high duty-pump, which is built in the duplex model with com- 
pound stoam-cvliuders and receiver reheater. The water-cylinder is 
designed on the inside plunger model with the addition of compen- 
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sating cylinders on trunnions and plunger-pistons jointed to a con- 
tinuous piston-rod from the water-piston through the back head of 
the watei^cylinder. 

These compensating cylinders, by their rocking motion and press- 
ure, serve to equalize the pressure of expansion in the steam-cylinders 




Fig. 271. — AlHs compound pumpinj? on^nc. 



and thus enable the expan.sion system to be used in a direct-acting 
steam-pump. 

The compression of air (hiring the first half of the piston stroke 
and its expansive pressure (luring the hist half from the varying angle 
of the rocking pistons as they alt(*mately push against the full steam 
pressure during the first half and with it during the last half or ex- 
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pansion period of the stroke, produce an equalization of the pump- 
piston pressure throughout the stroke. 

The pressures on the plungers within the compensating cylinders 
is produced by connecting these cylinders through their hollow 
trunnions with an accumulator the ram of which is free to move 
up and down as the plungers of the compensating cylinders move 
in and out. 

Their pressure action is controlled by the pressure in the main 
delivery on the air-chamber which acts as a cushion; the air-supply 
is provided for by a small aii^pump. 

Fig. 271 illustrates a vertical section of a compound pumping 
engine constructed by E. P. Allis & Co. for the city of Milwaukee. 
It is of the walking-beam and fly-wheel type. The low-pressure 
cylinder is placed on the top of the wrought-iron framework, and 
directly central over the high-pressure cylinder, which is on a level 
with the engine-room floor, the pistons of the two cylinders being 
connected by two piston-rods. The rod for operating the bucket 
and plunger-pump is fastened to the high-pressure piston and extends 
through a stuffing-box in the bottom head to the bucket and plunger- 
pump placed in the pump-pit. By this means all the steam-cylinders 
are coupled solidly to the pump plunger. Both steam -cylinders are 
steam- jacketed and furnished with a device for regulating the point 
of cut-off and speed of the engine. The following are the principal 
items of interest from a test trial: Duration of trial, 48 hours; steam 
pressure in engine room, 74.81 pounds; vacuum by gauge, 26.^ 
inches; water-pressure gauge, 62.02 pounds; total head, including 
suction lift, 67.29 pounds; revolutions of engine per minute, 25.51; 
piston speed per minute, 255.10 feet; coal consumed, 32,395 pounds; 
duty in foot-pounds per 100 pounds of coal consumed, 104,820,431. 
The test was made under the ordinary every-day conditions, and 
the actual weight of coal consumed was charged up without deductions 
of any kind. This engine raised 12,000,000 gallons 150 feet high 
in 24 hours. 

The record of a test of a high-duty triple-expansion pumping 
engine of the Allis-Chalmers vertical type, lately erected at the St. 
I^uis water-works, is worthy of reference for its showing of thermal 
and mechanical efficiency. 
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TEST OF THE ST. LOUIS TRIPLE -EXPANSION 
PUMPING ENGINE 

Duration of trial test •i4 hours. 

Diameter of steam-cylinders 34, 6i, 94 inches. 

Stroke of engine 74 inches. 

Diameter of water-plungers 33j inches. 

. Average revolutions per minute 16.539. 

Piston speed per minute 198.44 feet. 

Average steam pressure, engine 140.44 pounds. 

Average first receiver pressure 46.36 pounds. 

Average second receiver pressure 4.77 pounds. 

Average vacuum pressure 13.41 pounds. 

Average barometer 14.46 pounds. 

Average head pumped against 438.43 feet. 

Total water, cylinder condensation 440.149 pounds. 

Average moisture in steam 0.13 per cent. 

Indicated horse-power 865.43. 

Delivered horse-jiower 844.69. 

Friction 4.60. 

Average moist steam per I.H.P. hour 10.60 jwunds. 

Average dry steam per I.H.P. hour 10.59 i)ounds. 

Average thermal units per I.H.P. minute 401.39. 

Total water pumped 40,070.690 gallons. 

Mechanical efficiency 97.4 per cent. 

Duty per 1,000,000 thermal units 158,851,000 foot-pounds. 

Duty per 1,000 pounds steam 181,068,605 foot-pounds. 

Thermal efficiency 41.06 per cent. 



CHAPTER XVI 

HYDRAULIC POWER TRANSMISSION AT HIGH PRESSURES 

The use of water under high pressure for operating machinery 
intermittently, such as cranes, haulage and elevator-lifts, was held 
in abeyance many years in long pipe-line service by the destructive 
effect of watei^ram when several cranes or lifts started and stopped 
at the same moments. A single elevated reservoir, high towers, and 
air-chambers all proved unsatisfactory, and the solution of the hy- 
draulic problem met its only success in the local application of the 
loaded accumulator; since which time the hydraulic-power transmis- 
sion from a central pumping station through miles of piping for 
operating hydraulic appliances of all kinds has been a success and 
with greatly increasing usefulness in many countries. 

In England, where the first instalments were made, the hydraulic- 
power system has extended throughout its largest cities, shipping 
ports, and to its colonies. For the lift type of canal locks, dry docks, 
and bridges, this system is in use in Great Britain, France, and 
Belgium. 

London has by far the largest system in the world. The London 
Hydraulic Power Company has several stations each of about 1,200 
horse-power, and has over 100 miles of mains laid in the streets. 
War vessels, merchant steamships, dredges, barges, crane punts, and 
other craft are in a great many cases provided with hydraulic plant 
to supply power for working turrets, guns, presses, lifts, cranes, 
capstans, winches, windlasses, steering-gear, grabs, etc., the water 
pressure being regulated by means of an accumulator loaded by 
steam pressure. 

In some canals, such as that at Anderton, England, barges, with 
the trough in which they are floated, weighing altogether 240 tons, 
are raised to a height of 50 feet, to connect the river Weaver with the 
Trent and Mersey Canal. This invention, designed by Sir Leader 
Williams to dispense with a large number of locks, effected a very 
270 
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great saving of canal water, using only 1.7 per c^t. of the quantity 
required if locks had been employed. Similar lifts designed by the 
late Sir Edwin Clark have since been constructed for canals in France 
at Les Fontinelles near St. Omer, and in Belgium at La Louviere 
on the Canal du Centre, near Mons, where the load on each ram is 
about 1,120 tons, the height through which the trough containing 
the canal boat is raised being 50 feet. Floating graving docks, 
notably at Bombay, London, Malta, and elsewhere, worked by hy- 
draulic machinery, have been constructed by which vessels up to 
6,500 tons and drawing 30 feet can he lifted clear out of the water 
for examination and repairs. Slip docks, where large vessels are 
drawn up on a carriage for a similar purpose, are provided at many 
ports in Great Britain. Swing-bridges over river and dock entrances, 
like those at the Tyne and the Clyde, and bridges of the bascule 
type, notably the Tower Bridge over the Thames, are operated by 
hydraulic power. 

The pressure varies much in different locations with the intensity 
of the work; from 700 to 800 pounds per square inch and 1,000 or 
more pounds pressure are in use for special machines and presses. 

Among the many advantages that may be claimed for water- 
pressure machinery are: 

1. Steadiness, ease, precision, and comparative noiselessness of 
action. 

2. Facility and promptness with which a machine may be started 
and stopped at any point of its travel and without waste of power. 

3. Absence of risk from accident. 

4. Simplicity of working, rendering the employment of skilled 
labor unnecessary. 

5. Saving in charges for insurance as compared with machinery 
involving the use of fire or light. 

6. Limitation of the expenditure of power to the time during 
which useful work is being performed. 

7. The opportunity afforded of making special pnivision for ex- 
tinguishing fires, by attaching fire-hydrants to the pipes laid to convey 
the water pressure. 

The Hydraulic Power Company, Ix)ndon, England, furnishes 
power for above 2,500 hoists and other macrhines at a pressure of 
750 pounds per square inch and the use of about 3,500 gallons per 



272 



HYDRAULIC ENGINEERING 



minute, or about 2,000 horse-power. The complete pumping pkmt 
is equal to 4,000 horse-power. The sizes of pipe-lines in use under 
high pressures do not exceed 8 inches in diameter with branches to 
meet the requirements of power. 

The efficiency developed by hydraulic motors has been found to 
be from 50 to 60 per cent, of the power developed at the central station. 

In the lift system by plungers on cranes the efficiency varies 
greatly with the load, from 10 per cent, with no load to 75 per cent, 
under full load; which relation is accounted for by the fact that it 
requires the same quantity of water per lift under each operation. 
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Fig. 272. — Hydraulic transmissioii. 



In Fig. 272 is shown in a diagrammatic way the arrangement of 
an hydraulic transmission, which may be an open system receiving 
its pressure and supply from an elevated reservoir, or a closed system 
with high pressure from a pumping plant. In an open system the 
water from the return main may be pumped to the reservoir and in 
the closed system it may be pumped directly into the main with an 
accumulator to regulate the pressure shock. 

In long transmission an accumulator should be installed near 
every motor and lift-cylinder. 

Any of the various designs of rotary motors may be used if ports 
are made large enough to pass the water at its desired speed. 
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A reciprocating motor-engine comes under the same condition 
and b preferred for moderate speeds. 




l'i(^. ^TUh— ilytlriiulir oiicinuliiig t'pgiruv 



In Fig. 273 ia shown an elevation in section nf an oscillating engine 
of Swiss design so simple that no valve-gear is required* The cyHnder 
trunnions are pivoted in side bars which 
in turn are pivoted to the main pillow- 
block with adjuslment links to regulate 
the pressure on the port fac*es. 

The efficiency of these engines is about 
80 percent under full load. 

For high efficiency under all loads 
there h probably no better motor than 
the impact or Pelk>n wlieel as its power 
varies with the area of the nozle, which 
is made adjustable to meet the load* 

In Fig* ^274 is shown a section and 
view of a mult t pie lift or ram for a crane 
such as are much in use at the coal- 
ing and freight-loading docks in Great 
Britain. The height of lift equals the 
length of the ram hft, multiplied by the Fig* 274,— Hydraulic lift. 
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number of sheaves. The powerful lifts attached to the traversing 
cranes on the great coal docks raise a car and its load of coal (total 
20 tons) to a height of 44 feet. 

In Fig. 275 is shown one of the great traversing hydraulic cranes 
of the Wellington Harbor docks. New Zealand, with its lift com* 




Fig. 277. — Hydraulic elevator, horizontal plunger. 

pounded. for the high-pressure system, lifting a package and Swinging 
it over the hatch of a vessel. 

These gantrj' cranes are illustrated at Fig. 275, which shows part 
of an installation of ten cranes constructed by the Hydraulic Engi- 
neering Company of Chester for the Wellington Harbor Board, New 
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Zealand. These are of double power for raising loads of 15 or 40 
cwts., the height of lift being 84 feet, and they are fitted with hydraulic 
gear for luffing the load between the maximum rake of 37 feet and 
the minimum rake of 14 feet 6 inches. 

The cranes sit upon gantries which span two lines of rails and 
admit of locomotives passing beneath, the gantries being also utilized 
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Fig. 278. — Hydraulic elevator gear. 
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as a platform or bridge to enable passengers to pass to or from the 
vessels and for crossing the railway lines. 

Another model of the great hydraulic cranes is shown in Fig. 276, 
consisting of a base of masonr}' upon which rests the revolving crane 
and hydraulic lifts for lifting and swinging the cars over the hatches 
and dumping the coal by tipping the cradle and car. 

Of the types of hydraulic lifts and elevators in use for passengers 
and freight, the single-plunger lift, after many years' trial at low lifts. 
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has finally reached a lift height of 282 feet with a single plunger of 
6i inches diameter, a total load of 1,617 pounds, and water pressure 
of 180 pounds per square inch, with a speed of over 400 feet per min- 
ute. Five of these lifts are running in the Trinity Building, New 
York City. 

The multiple-geared short-plunger lift, as shown in Fig. 277, is 
much in use for passenger and freight service; the cylinder lying hori- 
zontally on the cellar floor gives easy 
access to every part. 

Various methods by multiple gear 
are in use, by shortening the cyUnder 
and its piston travel in the pull-down 
system of hydraulic elevators, by which 
plan the water pressure is above the 
piston during the up trip of the car; the 
down trip being made by transferring 
the water from above to below the pis- 
ton with the pressure equalized on both 
sides of the piston, the overbalance of 
the car being sufficient for changing 
the water during the down trip. 

In Fig. 278 we illustrate the three 
kinds of gear used for shortening the 
cylinder and piston travel; the left- 
hand figure is a two-to-one lift, the 
central figure a thrce-to-one lift, and 
the right-hand figure a four-to-one lift. 
In Fig. 279 is shown a section of 
the cylinder, transfer pipe, and valve 
of the pull-down system of operating 
elevators in which K, K, is the trans- 
fer pipe; I, the pressure inlet which 
Is constant; V, V, the spool valve 
which, as shown, is transferring the water from above to be- 
low the piston by its upward motion produced by the descending 
overweighted car. The upward movement of the valve first locks 
the piston and a further movement exhausts the water through J, O. 
allowing the pressure to push the piston down. 




Transfer valve. 
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HYDIL^ULIC: anxiNG 



From the earliest ages the washing of the auriferous sands and 
gravels of the earth's surface has been in practice for ubtaining the 
go)d that enriched the old potentates of wealth. Europe and Asia 
have had their eras of the golden fever, and in America has culminated 
its volume of product. 

The earliest implement for washing the precious metal from its 




Fio. 480.— Hydraulic gold washing. 



earthy envelope was probably the wooden tray, or pan since made of 
metal, and followed by the cradle, the torn or long torn, and the 
, ahiice. 

In Fig. ?80 is illustrated the primitive method of hydraulic mining 
us practised from the earUest times and now in general use in all 
countries* 

i77 
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The cradle retains the coarse gravel pebbles and large stcmes to 
l>e thrown out from the sieve hopper; the light sand washes away in 
the drain while the gold is caught on the riffles and in the cradle 
lx;neath the sieve hopper. 

The cradle is generally of home-made design and manufacture as 
shown in section of a common type, Fig. 281. The hopper sieve may 
1m; of wire. No. 6 mesh, or of sheet iron punched full of holes, about 
-j^^-inch diameter, which will let the fine sand and gravel pass, while 
the larger material may be readily thrown out and the nuggets seen 
and saved. The hopper is removable and the inclined apron may 
Ik; riffled and supplied with mercury. 

The riffle deposits are scraped out and further concentrated in a 
pan or separately amalgamated. 

For facilitating the washing for gold in frosty weather and in 
places where the water-supply is limited or only snow or ice at hand. 




Fio. 281. — IlydrauHe rocker. 



Fio. 282.— Klondike rocker. 



the Klondike Mining Machine, Fig. 282, has furnished the means of 
washing tlie gold gravels in the winter months. In this machine the 
gold-bearing gravel is shovelled into a hopper and fed to the riffle 
pan, which is vibrated by a link from the pump handle. The pump 
supplies water from the settling pan to the rocking riffle, from which 
the gravel is separated by a fine sieve, the water falling into the settling 
pan beneath and kept from freezing by a fire underneath. This 
machine makes passible winter gold washing in Alaska. 

The tom or long tom is usually a rough trough about 12 feet 
long, from 15 to 20 inches wide at the top, 30 inches at the lower end, 
averaging 8 inches in depth. It is supported on logs and set at an 
incline of about 1 inch per foot. The lower end is bevelled and 
clixstnl by a perforated plate of iron nearly level, to separate the 
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coarser gravel and allow the water and sand to pass over the riffle 
trough, which is also set on an incline. 

In the use* of the torn, continual stirring of the sand is required 
for its best work. By careful management the riffle trough may be 
charged with mercury and the flake gold amalgamated. There is a 
great variety in the forms and methods of manipulation of riffle 




Fig. 283.— The torn or long torn. 



troughs and other devices in use for amalgamating purposes in the 
various mining districts and complicated machines in the reduction 
mills, which we cannot give space to describe and illustrate. Hy- 
draulic effect plays a part in all of their operations. 



HYDRAULICKING 

The washing down of auriferous gravel banks by means of streams 
of water under great pressure has developed into one of the most im- 
portant sources of our gold-gathering industry. 

Where natural falls or heads of water are not found near the pro- 
posed hydraulic washings, expensive ditches or canals, flumes, and 
pipe-lines have been constructed to furnish the great volume of water 
required for this method of mining. The pumping system of water- 
supply has also been made available in many places and localized for 
individual mining power. 

In Fig. 284 is shown the simple appliance for excavating an 
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auriferous bank with a small stream and earth sluice with the nozle 
fixed in a simple frame. 

A sketch of a hydraulic-balanced giant nozle is shown in F%. 
^285. They are made with terminal outlets of from 2 to 8 indies 




Fig. 284.— Simple hand-DOsle streun. 

diameter and for pressure streams of 50 to 200 pounds per square 
inch. They require a strong andiorage to hold than in place j^^ainsl 
the great back-thrust. Hie movable flange joint, B» B, held t o get h er 
by the UutHigh bolt K, and the trunnion joint at E, allows of an easy 
adjustment of the nozle direction. 

These nozles are known in mining phrase as the ** Monitor.** 
" Hydraulic Chief* Dictator/' etc., and are made in Tarioas Icogth? 
fn>n) t> to 13 feet and from ^ to 8-inch outlet. The amount of niafeml 
tliat i^n Ih^ sluiceil off (H'^r miner's inch of water depends modi vpon 

the location, grades, and 
dump, as weD as upon the 
nature of the matcnaL ai»d 
varies fiom I to 6 <iib»c 
yanls, 

A genenl virv cf an Iry- 

draulicking plant i> ^^-^^rx 

in Fig. ^86. iOiKtratsir litf 

j^rindjvil |Jkis<^ of this method of %4>taining the metal from aniifnvvif 

cravt^ Ivdinks. 

The un*lef\^t> or ^maUr^nuitcNl riffle-boxes are placed a2 octt- 

Nx^irtit kx-^iilkMis in *ho kxii: shiioes. where the wxwk <rf ssavstr ^if 

Ut^^ penvtttA*:^ of nntAl requirf^s ihe irneatest ctrr in minagffmfgiZ. 

i>ie ftivrm ^^ un^len-ninvnt thjt has pv«i p»d satt^^arb.ni i^ 

>b*>wn in Fic- ^*- T^ irrtde o!f the sluice A. lea^foe fnwn tiir d^ 




Fx:. ^^^. — iittrt hwimuHc iKv-3r. 
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png^^ mar %'arT fprjin ooe-third o^ an inch to one mch to the foot. 
fV^n thi* prjint <^>vn tbe credi^-bed the ande iimiqi ts are placed 9t 
prr/p#rr mif^rv^. In the bottom of the flume A. near the point of <fis- 
cfiar^re, a ^ fn^^zly "* of wooden bars covered with inn plates^ or entiiehr 
of iiTjrj, i'i plar-fd^ with sufficknt space left between the bais to pre- 
dfHtatf all liut the crjar«e^t material into the box below. The bowl- 
rl^-r*, Inr^f fj^rWil^. etc., go directly to waste over the grizzlr. The 
eliminat/<| material and water L> cast upon and spread over a lai]^ 
platform, B, four or five times the width of the shiice above, and as 
Ir^rig as circuriL^tances will admit l»\liile the grade is steeper, the 

velocitv of the water is sensiblv 
checked. Riffles, made in sec^ 
tions for convenience in removing 
and deaning, are placed in the 
bottom. 

A portion of the delnris and 
presumably all the gold diat has 
escaped loc^ment or amalgama- 
tion, together with a portion of 
the water; are spread over B. 
The depth being materiaDjr de- 
creased, some partides of gold 

Fig. 287.-UrHlert-uiTent amalgamator. ^^^ ^^^ *>«€» kept in motion 

by the velodty of the water and 
debris in the main flume come to rest, and the lighter earthy matters 
with some gold {>ass on. Sometimes, where the fall will admit, a 
sf'<roncl undercurrent is placed below the first, as shown at C, with 
a serond and finer grizzly, as at I), the waste material passing off 
at E, and the sand, with any free gold or amalgam that may have 
escaped the upjK»r undercurrent, passing into box F, which con- 
tains riffles C across the bottom, where it is caught and retained. 
Undcrcoirrents are used quite extensively in the working of tailings. 

Along river hanks the facilities for hydraulicking are greatly in- 
creased by the use of timber floats or scows on which are mounted 
st(»am-pumps for supplying the giant nozles with water under any 
dcsin»<l pressure, and thus enable the working of gold-bearing gravels 
along the banks of rivers at low cost. 

It has been long known that the river bottoms in the gold r^ions 




HYDIUULIC MINIXG 



ess 



are the harbingers of the precious metal; but the early attempts to 
rescue its wealth by suetion and jet dredging were not profitable, and 
the successor, the chain bucket dredge, has come to stay and do the 
great work of hfting, washing, and separating the precious metal 




FiCi. "iHH, — ilydraulicking from & timber float, New Zealand, 



from the mud, sand, and gravel of the river's bottom at a prtifit. 
In 19€5 there were forty river dredges in operation m CaUfornfa 
alone, and were extending their useful work tliroughout the other 
gold-bearing States, Alaska » and the British colonies. 



CHAPTER XVIII 

CAXAUS, DITCHES, CONDUITS, AND PIPE-LINES 

The great ditches, canals, and pipe-lines in California, Colorado, 
Idaho, and Arizona; in India, Europe, Egypt, and the great barrage of 
the Nile, show the possibihties in hke works in all the arid regions of 
the Western world. In the following tables are listed some of the 
leading irrigation and mining canals, not including lateral branches 
which may be many times the length of the main canal in their dis- 
tributing systems. 

In crossing ravines, passing along the abrupt faces of precipices, 
or connecting the ditch with the bulkhead, flumes are commonly 
used, although they are objected to on account of the danger from 
fire and cost of repairs. They are set on straight lines or very easy 
curves, and are of smaller area than the ditches with proportionally 
heavier grades. The grades sometimes reach even 35 feet per mile. 
Owing to the great irregularity of surface, many of these ditches 
have miles of fluming. The ordinary style of construction is shown 
in Fig. 289. The planking is commonly of heart sugar-pine, 1 J to 2 
inches thick and 12 to 18 inches wide. To effect a good seam, pine 
battens 3 inches wide by Ij inches thick are placed over the joints. 
Bents of square timber well mortised together, set from 4 to 6 feet 
apart, support and strengthen the flume. The posts spread out 
toward the bottom, so that the sills are somewhat longer than the 
caps, and they are generally sawed so as to extend about 2 feet be- 
yond the foot of the posts. Where a flume is carried along the steep 
mountain-side, it is secured to the solid bed of rock as shown in Fig. 
290. They are set in as close as possible to the bank, as a precaution 
against accidents from storms, winds, or snowslides. 

As the importance of hydraulic mining began to be recognized, 

and the necessity of securing some means for conveying water across 

deep ravines and through very rough and broken districts of country 

not adapted to the erection of flumes, sheet-iron pipes were introduced 
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Table XXXII. — Canals and Ditches. 



Name of Canal. 



Country. 



Upper Ganges 

liower Ganises 

Ut-.^lirii Juiiiita 

Eastern JiirnTm 

Varee Doab 

Sutlej or Sirhind 

Agra 

Sone, Western 

Sone, Eastern 

Soonkasela 

Ibrahimia 

Main Delta (Flood) 

Main Delta f Summer) . . . 

Sirsawiah (Flood) 

Nagar (Flood) 

Sahd (Flood) 

Subk (Floods 

GmnrI Cflmil of Ticino. . 

Cavour 

Ivrea 

Cigliano 

Rotto 

Muzza 

Martesana 

Henares 

Isabella n 

The Royal Jucar 

Marseilles 

Ourcq 

Crappone 

Veraon 

Alpines 

St. Julien 

Carpentaras 

Del Norte 

Citizens 

I. ncxjrnjjtihgr^ 

Fort Xfor^iii 

Larinicr 

North PoMdtf^ 

Empiric 

Grand River 

High line 

Central Diiitrit't 

Merced 

San Joaquin and KingVs 
River 

Seventy-Six 

Calloway 

Turlock. 

Idaho Mining and Irriga- 
tion Co.*s 

Idaho Canal Co.*s 

Elagle Rock and Willow 
Creek 

Phyllis 

Arizona 



India. 



Egypt. 



Italy. 



Sfiain. . 
Fmnce . 



Colorado, U.S.A. 



California. 



Idaho. 



Arizona . 



n 



456 
531 
433 
130 
466 
503 
137 
125 
170 
190 
170 



31 

53 

9i 

102 

84 



I 

2.2 



170 
216 



120 

190 

70 

180 

180 

90 

113 

174 

174 

20 

20 

20 

13 



131 
27.7 
53 



8.23 



28 
50 

^1 

52 9.84 

11.48 

26 



18! 

33 
50 : 65 
45 40 
32 24 
28' 30 
45 30 
30 20 
32 60 

70' 40 



60 
70 



60 

8 
I 

39 o5 
. . . i 100 
32 80 
80 20 



75 
43 

J 



45 
40 



50| 30 
54 12 
41 36 



a 

0) 

Q 



10 
8 



5.5 

6 
10 

9 

9 

8 
Lois 6 J 
20 
10 
17 
10 
12 

6 



11 



4 9 



Slope. 



1 in 4,224 
1 in 10,560 



lin 4,800 
1 in 10,560 
1 in 10,560 
1 in 10,560 
1 in 3,520 
1 in 16,600 
1 in 15,000 
1 in 12,000 
1 in 20,633 
1 in 14,000 
1 in 25,641 
1 in 20,000 
1 in 1,860 
1 in 2,000 



1 in 3,067 



7.87 
4.92 
6.5 



5.5 
5.5 



3.5 

7.5 

4.0 

5 5 

5.0 

7 

6 

10 

4 
4 

3.5 
10 

10 
4 



lin 3,333 
lin 9.470 



1 in 5.000 



lin 
lin 
lin 
1 in 
lin 
lin 



3,333 
4,000 
660 
1,760 
1,560 
3,300 



1 in 2,640 



lin 2,880 

1 in 3,000 

1 in 10,000 

1 in 5,280 

1 in 5,280 

1 in 3,520 

1 in 6,600 

1 in 666 



1 in 
1 in 

1 in 
1 in 
lin 



2,640 
3,520 

880 
2,640 
2,640 



d o a> 



6,000 
6,500 
2,372 
1,068 
2,500 
3,500 
1,100 
4,500 
4,500 
3,000 

10,846 

3,943 

1,138 

906 

981 

114 

1,851 

3,250 

700 

1,760 

600 

2,175 

738 

177 

89 

911 

424 

500 

212 

480 

165 

212 

2,400 

1,000 

725 

340 

720 

450 

1.400 

l,i84 

720 

3.400 



700 
1.500 

2.585 



250 
1,000 
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Table XXXIIL—Mining Ditcheb in Califobnia. 



Name. 



North Bloomfield 
Milton Company. 

Eureka Lake 

San Juan 

Excelsior 

Union 

Boyer 

Spring Valley*. . . 

Hendndcs 

La Grange 



o 

JCJS 

g=5 



Miles. 

55 
100 

18 

45 

33 

15 

15 

52 

46.5 

20 



I 



Ft. 

8.65 

6 



o 

1.1 

r 



Ft. 
5 
4 






Ft. 
3 5 
3.5 



4 

3.5 

3.5 

3.5 

2 

4 



II 



$422,000 
259,000 
430,000 
203,000 



136,000 
450,000 






Ft. 

14 

145 



9 
IS 
13 



9.6 
7.5 



•all 



3,200 
3,000 
2,800 
1,300 
1,700 
1,200 
1,200 
2,000 



3,000 



* Including 3} miles of 30-inch iron pipe. 

on account of their lightness and great tensile strength. They have 
been made of Nos. 16, 14, and 12 Birmingham gauge, from 11 to 40 
inches in diameter, 20 feet long, and riveted in the horizontal seams, 
but put together in stovepipe fashion, without rivets or wire to hold 





Fig. 289.— Valley flume. 



Fig. 290. — Mountain-side flume. 



the joints in place. As floating particles of matter readily render 
the joints comparatively water-tight even under a pressure of 200 
|K)unds to the square inch, it is only under liigh heads and sudden 
shocks that lead joints such as shown in Fig. 292 are used. The 
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lead is forced between the iron sleeve and the pipe, while an internal 
flange is riveted to one length of pipe in such a way that the other 
fits over it. The spacing of the rivets has proved to be a matter 
of considerable importance. For example, a pipe 12 inches in diameter 
made of No. 18 iron was formeriy riveted in the longitudinal seams 
every 1 to 1} inches, while the round seams have been left pretty 
open, with rivets set 3 inches apart. Now, in the better class of 
pipe adopted, the round seams are made with rivets three-quarters 
of an inch apart, and the longitudinal seams are double-riveted, 
with rivets 1 inch apart in the row, and about half an inch apart from 
one row to the other. If such pipes are dipped in asphaltum to 
protect them from the weather, they will last for many years. The 
thickness of the iron is usually proportionate to the head of water 
and the diameter of the pipe. Pipes made of the different sizes of iron 
here mentioned will stand the following strains per sectional inch: 



No. of Iron. 



12 

12 to 9.. 
9 to A 
itoj.. 



Made to stand strain 
per sectional inch, 
pounds avoirdupois. 



7,000 to 9,000 

9.000 to 12,000 

12,000 to 14,000 

17,000 to 18,000 



The head of the water in pounds avoirdupois, multiplied by the 
diameter of the pipe in inches and divided by the above coefficients, 
gives twice the thickness of the iron to be used. Allowance must 
be made for the security required; that is, if the breakage of the pipe 
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Riveted joint 



will cause much damage, it is advisable to lower the margin for greater 
safety. 

The grade lines, pressures, and strength of the pipe and its safety 
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froni water-ram are matters of importance in the iastalktion of a 
long-distance transmission for power or for hydrauHcking puqjoses. 

In the early constnictions the slip- joint or stovepipe joint was 
much ill use and answered its purpose fairly well; later the pipe-jointi* 
were hutted with a riveted sleeve or hand inside on one end of each 
section and a sleeve or Imnd on the outside witli a driven lead 
packing; while the more substantial pipe- 
lines have their circular joinb riveted 
and caulked throughout their length. 

In FifT. 2^2 is shown the different 
metlunls *jf joininj^ the pipe sections. 

The air- valve is an essential feature 
of safety from water-ram in undulating 
lonfT lines of pipt* for Hhe rating the air 
caught in the uptakes or swept into the 
pipe-Une by a rapid intake. A section 
of a float air-valve is shown in Fig, ?93. 
To the valve disk is fixed an inverted 
open cop|>er RimU which bv its weight 
keeps Uie valve open and allows the air 

to <\scape until tlie water comes, when the air-balanced float is Lifted 
by the water atul closes the valve. 




Fig. €93.— Air- valve. 



I 



GREAT M t> D K E N WORKS 

Of the great reser\"oira of the world, old and new, the pricle of 
Eg}*pt, the artificial I>ake Moeris leads in the vast volume of its eon- 
tents and the ^fvni canal which ft^l it* Herodotus classed it as a 
greater wonder than the building of the Pyramids. Its capacity has 
been computetl by ujodem engineers to have been equal to 330,()(K*,- 
fH>0,000 cubic feet between high- and low-water mark. The greatest 
hydraulic work of modem times is the barrage of the Nile, the 
Assouan Datn. 

At the spot where the dam was built, 600 miles above Cairo, the 
Nile is Ij miles wide during flootl, but during the winter it is divided 
into five channels with intervenuig islands. It must not be supposed 
that it c*in tracts to mere rills, for at its lowest it carries five or six times 
as much water as the Ohio River at mean annual floods so that each 
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of it« channels:fs a fifte river. The cuhsent runs at h^adloxig fate down 
the Assouan- Cataract, the speeds in one chahner being 15 miles an 
hour and the depth 30 feet. The fall is 3 feet in 200 feet. The 
difficulty -of closing such a channel was enormous, even with the 
othcr'channcls left open as spillways. The barrage dam is a straight 
jnasonry wall; closing the passage of, the Nile. from shore to shore. 
Its length is 0,500 feet; the maximum height from foundation, 130 feet; 
the extreme difference of water-level above and below being 67 feet. 
The up-stream face is perpendicular, or nearly so, while that on the 
down-stream side is battered to reduce the width on the top to 22 feet. 
When full, the reservoir behind the dani will hold 40,000,000,000 
cubic feet of water. 

The first thought that arises in connection with the dam across 
such a river as the Nile is that the reservoir will silt up; and there 
have been engineers of reputation who have l)oldly prophesied such 
a result in this case. Of course, the danger was foreseen, and was 
provided for by arranging that the flow of the river shall be through 
openings in the wall. There are 140 sluice-gates 23 feet high by 6 
feet 6 inches Avide, and 40 gates 1 1 feet 6 inches by 6 feet 6 inches. Of 
these, 130 are on the Stoney principle, and can be moved by hand 
iinder a pressure of 450 tons. During the flood period, when the 
water is silt-laden, all the gates will be open, and the river will roar 
through the openings. After the flood, when the discharge has fallen 
to about 2,000 tons per second, the gates without rollers wiD be 
closed, and then some of those with rollers. Between December and 
March the reservoir will be gradually filled, the surplus running 
through tlie upper sluices. The reopening of the sluices will take 
place between May and July, according to the state of the Nile and the 
requirements; of the crops. 

It is of lio advantage to have water merely flowing through the 
Nile bed in summer- Where it is wanted is in the irrigation canals 
that. traverse the country up to the confines of the desert, and pass 
tlirougli th(* limestone range into the Fayoum. To enable the water 
to be (liscliarged into the Great Ibrahimiyah Canal, a barrage has been 
built across the river at Assiut, to back up the water and divert it into 
the canals. Tliis structure is similar in principle to that built at the 
head of the delta by French engineers many years ago. The total 
Icn^rtlris '2,7^0 feet, an<l it inclu<lcs 111 arched openings of 16 feet 
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4 inches span, capable of being closed by steel sluice-gates 16 feet in 
height. The piers and arches are founded on a platform of masonry 
87 feet wide and 10 feet thick, protected up and down by a continuous 
and impermeable line of cast-iron grooved and tongued sheet piling 
with cemented joints. This piling extends into the sand bed of the 
river to a depth of 23 feet below the upper surface of the floor, and 
this cuts off the water and prevents the undermining action which 
caused so much trouble and expense in the case of the old barrage. 
The height of the roadway above the floor is 41 feet, and the length 
of the piers up and down stream 51 feet. The river-bed is protected 
against erosion for a width of 07 feet up-stream by stone pitching, 
with clay puddle underneath to check infiltration, and down-stream 
for a similar width with stone pitching with an inverted filter-bed 
underneath, so that any springs which may arise from the head of 
water above the sluices shall not carry sand with them from under- 
neath the pitching. The method of working was to enclose the site 
of the proposed season's work by temporary dams in November, then 
to pump out and keep the water down by powerful centrifugal pumps, 
crowd on the men, excavate, drive the cast-iron sheet piling, build the 
masonry platform, lay the aprons of puddle and pitching, and get the 
work some height above low Nile level before the end of June, so that 
the temporary dams should not need reconstruction after being swept 
away by the flood. 

The busiest months were May and June, when, in 1900, the average 
daily number of men was 13,000. To keep the water dowTi, seventeen 
12-inch centrifugal pumps, throwing enough water for the supply of 
a city of two million inhabitants, had to be kept going, and in a single 
season as many as iJ million sand-bags were used in the temporary 
dams. A thousand springs burst up through the sand, each one of 
which required special treatment. It is these difficulties of con- 
struction which show us how far we have advanced beyond the 
engineering of the ancient Egyptians. 

The Assouan Dam was const nicted in four years. In 1898 some 
preliminary work was done, and surveys were carried out. The 
foundation-stone was laid by H. R. II. the Duke of Con naught 
on February' 12, 1899. During that year excavation was completed 
over almost one-half of the total length of the dam, and embankments 
were formed on three out of the five channels. The low summer 
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level of 1900 made it possible to excavate and lay the foundation 
masonry of all except the western channel, down which the whole 
discharge of the Nile was sent. After the flood of that yean had passed, 
masonry work was continued, and preparations wereimade forldiam- 
ming the western channel, the only portion in which the foimdaiion 
masonry was not laid by the end of 1900. Over 3,000 tons of rnksoniy 
were sometimes completed in a day, and as much as 1,700,000 cubic 
feet of masonry were laid during the month just before the flood came 
down. The western channel was dammed in 1901, and the founda- 
tions got in before the flood. When it came this channel and the 
central channel were the only portions submerged. After the flood 
had diminished in October, the masonry was rapidly pushed forward. 
Since the beginning of 190? the works have been practically com- 
pleted; the dam was finished a year before contract . tltne. The 
first cataract now no longer exists as a bar to navigatioh. A naviga- 
tion canal has been constructed round it, about 6,500 feet in length, 
w^ith a ladder of four locks, each 228 feet long and 32 feet wide. 
There are five lock-gates, 32 feet wide, and varying in height up to 
60 feet. They are of a different type to ordinary folding lock-gates, 
being hung from the top on rollers, and moving Ufce a sUding coach- 
house door. A channel 75 feet wide was cut through the narrow 
rapids north and south of the dam to improve the channel for boats. 
This great work is a successful example of what can be done under 
diflSculties in the barrage of great water-ways for the irrigation of the 
vast arid regions of the United States; of such work the entering 
wedge is the Truckee-Carson and Minidoka irrigation project of 
the United States Reclamation Service. 
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CHAPTER XIX 

MARINE HYDRAULICS 

WATER RESISTANCE, SKIN-FRICTION, STREAM 

LINES 

The resistance of sea water to a surface, say a thin plate when 
submerged and moving normaUy at right angles with its surface at 
10 feet per second, has been found by experiment to be 112 pounds 
per square foot, Fig. 296, and also that when the plate moves 





Fig. 296.— Resistance 
at right angle. 



Fig. 297. — Resistance at any 
angle A. 



obliquely, as in Fig. 297, the resistance was as 90° X sine of the angle 
a; to the normal resistance of 112 pounds per square foot; also, that 
the depth of submersion had no influence upon the resistance, and 
vrith sufficient velocity a vacuum is possible behind the plate. Then 
the formula for the resistance of a thin plate moving at right angles 

with its surface will be: R = Caw -- in which C is a coefficient; 

a = area in square feet; w= weight of sea water per cubic foot 

(64 pounds). The coefficient as obtained from the experiments is: 

2eX112 
^^—— = 1.127. 
64XV2 
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SKIN FRICTION 

The retardation of a body moving through sea water, by the fric- 
tion of the water in contact with the surface of the body, has been the 
subject of much experiment, resulting in finding that the friction 
varies as the square of the velocity with a variable due to the rough- 
^ness of the surface and to the density of the water; also that the fric- 
tion is independent of the pressure and uniformly due to the amount 
of rubbing surface. It was also found that the coefficient decreased 

with the leni^th of a continuous surface. The formula CSw — 

in which C is a coefficient based upon experiments at a velocity of 10 

feet per second for surfaces 2 feet, 8 feet, 20 feet, and 50 feet long, 

with friction resistance of .41 —.32— 28 and .25 of a pound per square 

foot, respectively, from which the following table was obtained for the 

different lengths and kinds of surfaces. S = square feet of surface. 

By inverting the formula for a velocity of 10 feet per second we 

.41X64.4 
have '^ ' =C==.0041 as in the table, and so on. 



Table XXXIV. — Coefficient of Skin Frichon for Various Lengths and 

IIOUGHNESS OF SURFACE (FrOUDE). 



Character of Surface. 



Vaniish C 

Paraffine 

Tinfoil 

Calico 

Fine sand 

Medium sand 

C^Kirse sand 



Value of C from equation CSw -—- 



2 feet 
long. 



0.0041 
0.0038 
0.0030 
0.0087 
0.0081 
0.0090 
0110 



When the board waa 



8 feet 
long. 



0.0032 
0.0031 
0.0028 
0.0068 
0.0058 
0.0062 
0.0071 



20 feet 
long. 



50 feet 
Ions. 



0.0028 


0.0025 


0.0027 




0.0026 


0.0025 


0.0053 


0.0047 


0.0048 


0.0040 


0.0053 


0.0049 


0.0059 





These numbers multiplied by 100 also give the mean frictional resistance in pounds 
per square foot of area of surface in each case (v - 10' per second), considering the 
heaviness of sea water, 64 pounds per cubic foot, to cancel the 2g — 64.4 feel per 
second of equation of the preceding paragraph. 
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STREAM LINES, BUOYANCY, DISPLACEMENT, 

TONNAGE 

The stream lines of a vessel that is to be propelled through water, 
in their form regulate its capacity for speed and load for an assigned 
power. 

They should conform to the object for which the vessel is to be 
employed, such as for velocity or for carrj'ing bulk; or for the rela- 
tions of both as designed to meet the combined requirement. 

When a vessel is immersed in water, it is buoyed up by a force 
equal to the weight of the water that it displaces and which is also the 
gross weight of the vessel in air, or previous to immersion. 

The upward pressure or buoyancy of the water is assumed to be 
exerted at its centre of gra^^ty or centre of pressure. In a vessel 
floating at rest, a line joining the centre of buoyancy and the centre 
of gravity of the floating body is vertical and is called the axis of 
equilibrium. 

If by external force the vessel is careened, the axis of buoyancy 
still remains vertical; while the axis of the centre of gravity of the 
vessel becomes inclined and their point of meeting, the metacentre, 
decides the measure of stability of the vessel by its distance above 
the centre of gravity of the vessel and also above the centre of buoy- 
ancy of the water. The centre of buoyancy shifts in the same direc- 
tion as the heeling of the vessel. (See Chapter II on flotation.) 

The displacement of a vessel is the weight of the volume of water 
which it displaces, and is equal in tons of 2,24() pounds to the volume 
of the vessel beneath the water-line in cubic feet, divided by 35 for 
sea water. 

The tonnage of a vessel is its cargo capacity or its volume in cubic 
feet between the no-load and the full-load water-lines, which divided 
by 35 equals tons of 2,240 pounds each. 

The resistance of vessels or the net power required to propel 
them through the water depends upon the fineness of their water- 
lines fore and aft, gross displacement, and character of their wetted 
surfaces. 

This is expressed by the general formula, R = C S^*I)' in which 
R == resistance in foot-iK)unds per minute; C=a coefficient of the 
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form of the vessel, varying l)etween .50 and .75. 8^ = square of the 
speed in feet per minute; D*= the cube root of the square of the 
displacement at the actual load line in tons of 2,240 pounds. 

The velocity of progression of waves in channels or canals varies 
with their length and from experiments, that of a long free running 
wave is equal to the velocity that a body acquires in falling from a 
height equal to half the depth of the canal. Therefore, in a canal 
8 feet deep, the velocity of a long wave is 16 feet per second, from 
which the following table was computed: 

Table XXXV. — ^Wave VELOcmEs asd Lengths in Canals (Froude). 



Velocity of 


wave 


Wave-length, 


in knotH per 


hour. 


in feet. 


G 




19.513 


7 




26.559 


8 




34.090 


9 




43.904 


10 




54 203 


11 




65.585 


1« 




78.052 


13 




91.602 


14 




106.238 


15 




121.956 


1(> 




138.760 



Velocity of wave 


Wave-length. 


in knots per hour. 


in feet. 


17 


156.646 


18 


175.618 


19 


195.672 


20 


216.812 


22 


262.343 


24 


312.209 


26 


366.412 


28 


424.952 


30 


487.827 


35 


663.987 


40 


867 248 



A boat dragged along at any velocity less than the speed of a long 
wave in the canal would leave a train of waves behind it of such short 



SPEED OF BOAT LE88 THAN SPEED 0F"L0NQ WAVE 




SPrEDOF BOAT GREATER THAN SPEED OF»'LONG WAVE ' 



Fig. 298. — Relative speed of boats and long waves. 



length that their velocity of propagation is equal to the velocity of the 
boat. 

With the greater speed the boat rides over the crest of the wave. 

The resistance of a boat has been found to increase with its rise 
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behind a long-wave crest anJ ileereaise after passing the crest. In 
experiments on a canal with a long wave of eight miles per hour, 
the proportional f(»rcc required fi>r differeitt speeds of a boat has 
been found as follows: 

At 6,2 miles an hour _,.,..__ t50 

* 7.6 " '* ...500 

"8,5 *^ " . .. 400 

'* 9.0 " " 280 



W A V E B F B O M BOAT MOTION. 

The waves describe the arcs of circles, parabolas, or hyperbolas, 
according as the line of motion is perpendicular, parallel, or oblique 
to the surface. Whatever the direction in wliicli the body moves^ 




Fig. ^fi.— Wftvf! forms at varioua speeds. 



the wave lines at the surface show the arcs of curves formed by the 
intersections of a plane with a paraboloid. However, the movement 
of these waves shoreward always gives the impression of lateral 
displacementp 

Fish swimming along beneath the surface of cahn water create. 
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at its surface, the wave lines mentioned. Should a body move slowly, 
its point of displacement will be near its section or the base of the 
paraboloid evolved, and hence its ratio of length to width is reduced 
and the generated parabolas correspondingly expanded. But if the 
body moves rapidly, the OHiverse is tiue, the parabolic branches 
approaching the line of motion. 

A ship moving at the rate of two or three knots per hour generates 
a bow wave which extends outward in a line almost at right angles 
with its course. When moving at a rate of twelve to fourteen knots 
per hour, the general direction of this wave line will form an angle 
of about 45^ with its course. And if a higher rate of speed is at- 
tained, this angle is still further reduced. 

These relative conditions are illustrated in Fig. 299 for various 
speeds from 9 to 21 knots per hour. 



CHAPTER XX 



TIDAL AND SEA-WAVE POWER 



The power of the tides by their flow through the narrow -mouthed 
estuaries from the sea was a valuable contrihutton to the industries 
of our forefathers, and is still a valuable franchise wherever there is 
sufficient tidal flow and storage eapacity iu the enclosure of the es- 
tuan^ or bay. In jjast years there were many tide mills in operation 
in the United Slates and in Europe, mostly used for the milling of 
gmin, and a few still in use doing good work. 

The vast development during the past half eentury in water- and 
steam-power and their economy lia^ overshadowed the tide-milb^ 
so that there are but few r^aces now where their interraitlent power 
can be made profitable, "^he great advance in the efficiency of low- 
presf!fure head turljines has^ however, given thrni as tide-wheels a 
better average speed as well bs a longer range of action for each tide 
than that of the old current wheel, and this may continue the use- 
fulness of tidal power. Wherever there is a 6-foot tide, a submerged 
turbine using 2,000 cubic feet of water per minute under an average 
head of S feet will give theoretically 1 1 horse- power. This w^ill re* 
quire a storage reser\'oir equal to 850 feet square and 6 feet deep. 

There arc many estuaries on the coast of the United States with 
far greater areas than the above and capable of yielding from 25 to 
100 horse-power aufl furnishing water-power for mills during a part 
of each tidal run, or for the generation and storage of electricity dur- 
ing the four runs of the tide^ flow and ehl>, in twenty-four hours. 

In this way lidal power may still become useful and profitable 
by the ability to concentrate the tidal work of twenty -four Iiours 
into the day's work of eight or ten hours for industrial and lighting 
purposes, and there are many river estuaries that can be closed and 
installed with turbines and electrical generators for transmitting cur- 
rent to distant localiticis for power and light. 

The most remarkaV>le variations in the tide are at Chepstow, 
England, where the rise of spring tides is about GO feet; at Bristol it 
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is 40 feet; in Mount St. Michael's Bay it is 46 feet; in the Bay of 
Fundy and on the coast of Nova Scotia it is about 60 feet; while in 
the Northern Atlantic it is on the average from 10 to 12 feet; at St. 
Helena only 3 feet; and on the shores of the islands of the Pacific it 
is barely perceptible. 

Where the rise is so extreme, it is produced by the contraction of 
the sides of the river or estuary, as the Bristol Channel, for instance, 
or a convergence to one point of wide stretches of coast, as at the 
Bay of Fundy. 

In some cases the phenomenon of the bore is produced, which 
is defined by Colonel Emery as being a pecuhar undulation, which 
announces the arrival of the flood tide in many rivers. It consists of 
two, three, or sometimes four wave^, very short, and succeeding one 
another rapidly, which bar the whole river, and ascend it to a great 
distance; they often break upon the crown, and upset everything they 
meet in their course, and are accompanied by a fearful noise. In the 
Severn, the bore is stated to be of almost daily occurrence, and some- 
times even to attain a height of 9 feet; in the Dordogne it rises from 
5 to 6 feet, and travels at the rate of about five miles in thirty-four 
minutes; in the Seine it does not exceed 3 feet; in the Thames it only 
exists in a rudimentary state; while in the H'oc^ly, at Calcutta, it 
rises about 5 feet, and is transmitted at the rate of about 17j miles 
per hour; and in the Menga the rise is said to be 12 feet. 

The tide-wheel at East Greenwich on the Thames is, or was, a 
breast-wheel raised and lowered with the tide, so as to always have 
a submergence of 4 feet water. The buckets are divided into four 
steps, so as to prevent any jerking or irregular motion. The wheel 
turns both with the flowing and ebbing of the tide, having a sluice- 
gale and tail-gate on each side, one pair being opened when the other 
pair is closed. 

WAVES OF THE OCEAN AND THEIR POWER 

Many and widely different theories of wave-motion have been 
advanced from time to time, of which it is only necessary to state 
that the older theories are now definitely set aside as erroneous; and 
that the modem or trochoidal theory is generally accepted as very 
closely representing the actual phenomena which occur in nature. 



\ 



TIDAL AND SEA-WAVE POWER 



SOI 



Wliile the motion of ocean waves in nature is usually quite com- 
plex in character, there are certain simple typical fonn,s of such motion 
which have hecii satisfactorily studied* and tlie geometry and me- 
chanics of whieh are well understood; and by making suitable combi- 
nations of these simple tyjw-waves^ the eondition of more or less com- 
plex and irregular seas can be approximated to and their mechanics 
investigated with suffieieiit exactness ff)r most prat^tiral purposes. 

Prominent among ihe simple typrs of waves just rcferretl to, and 
forming usually by far the most important element of actual ocean 
waves in nature, are those known as the deep-sea wave and the shal- 
low-water wave. Tliese art* the furms of wave-motion which i>ccur in 
nature in a long series of waves, in whieh each ssuceessivc wave is 
an exact reproduction of the one just preceding it, so that the wave 
goes on repeating itself indefinitely- While the>«e eotidilions are 
rarely comphcd with exactly in nature, yet they are often very nearly 
so; so much so that, from a study of these two types and of their 
combinations, we can draw^ conclusions wliicli are practically ap- 
plical>le to nearly all the motions of the sea. 

The possibility of ** ha rn tossing the waves " has long been an at- 
tractive one to inventors as the Patent Office records testify, and in 
a paper on this subject by A* W. Stahl, United States Navy, is given 
a discussion of the trochoidal theoiy^ of wave motion, which is the 
theory* now generally accepted as a sufficiently clo^e appn>ximation 
to the actual motion of water waves. According to tliis theorj" each 
particle of water in a trmhoidiil wave moves in an elliptic^il orbit, 
whose major axis is horizontal, and tlie plane of which is vertical and 
perpendicular to the wave ridge or crest. The motion of the particle 
in the upper portion of ils ori>it is in the dirfH^tion of advance or 
propagation of Hie wave; in Ihe lower part of its orbit m*>tion is in 
the opposite direction. The eccentricity of the ellipses dej^H^nds on 
the ratio between the length of the wave arid tlie depth of the water- 
When the depth is one-half tlie length of the wave or more, the el- 
lipses cannot practically be distinguished from circles. 

Of the motions of the wave particles which may be utilized for 
power purposes, we find the following: 

1* Vertical rise ami fall of particles at and near the surface, 

2. Horizontal to-and-fro motion of particles at and near the 
surface. 
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3. Varying slope of surface of wave. 

4. Impetus of waves rolling up the beach in the form of breakers. 

5. Motion of distorted verticals. 

Each of these wave-motions or their combinations have been 
assumed or used as a means of obtaining power, with more or less 
efficiency according to the perfection of design of the motive ap- 
paratus. The impact of sea waves upon the shore is so diversified 
by its slope and formation that no exact data can be made other 
than from practical tt^ts at any location. 

Calculations show that the transmitted energy of shallow-water 
waves decreases rapidly as the depth of the water increases. Steven- 
son found that the force exerted on the djTiamometer by waves esti- 
mated to be 6 feet in height was 3,041 pounds per square foot, and 
that a ground swell 10 feet in height gave the same pressure. Waves 
20 feet in height gave a pressure of 4,562 pounds per square foot, and 
similar waves during a strong gale gave 6,083 pounds. He also found 
that waves exert by far the greatest force at the level of high water, 
that the force of recoil is greater than the direct impact, and, with 
regard to a wall with a steep curved profile, that the vertical force 
was about 84 times greater than the horizontal. A true wave of 
oscillation, on reaching a wall having an inclination with the hori- 
zontal of from 45° to 90°, will not be broken, and will exert practically 
no dynamic pressure against it. On the other hand, a wall of this 
profile receives the greatest shock from translatory waves. 

By means of dynamometers Lieutenant-Colonel H. M. Roberts, 
of the« United States Corps of Engineers, obtained readings indicating 
that waves rising from 14 feet to 18 feet above still-water level, and hav- 
ing a velocity of from 30 miles to 40 miles per hour, exerted a pressure 
at still-water level of 400 pounds to 600 pounds per square foot; at 16 
fc^t and at 8 feet below still-water level, less than 10 pounds per square 
foot; and at 8 feet above still-water level, 940 pounds per square foot. 

The amount of force which is exerted by breaking waves is of im- 
portance in the matter of coast erosion. Captain Gaillard, of the 
United States Corps of Engineers, used specially constructed dyna- 
nionieters for taking observations of this force in its direct applica- 
tion, and h<» found that })reakers 2 feet in height and 46 feet in length. 
^ave a maxinuini prossun* of 148 po\mds per square foot; that those 
3 feet in height and 75 feet in length gave 322 pounds per square 
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foot; that those 4 feet in height and 82 feet in length gave 406 pounds 
per square foot; that those 5 feet in height and 120 feet in length 
gave 467 pounds per square foot; and that those 6 feet in height and 
150 feet in length gave 667 pounds per square foot. All these were 
shore breakers, travelling nearly normal to the shore-line, over a hard 
and regular bottom. There are many instances on record of large 
blocks of masonry and concrete having been dislodged from break- 
waters by the waves, and the computed pressures which must have 
been exerted on these occasions go to confirm the results obtained 
by dynamometers. 

The total energy of one wave-length of a height H, from trough 
to crest, and of a length L, from crest to crest, and for one foot in 
breadth, is: 

/ H2\ 

Energy = 8 LH- I 1—4.935 — I ^^ foot-pounds, and the time 

quired for a crest to pass over a wave-length, is: 

T=>l/- — -- in seconds, and the number of waves per minute 



re- 



N= 




The horse-power of continuous wave-motion as above = 



EXN 
33,000 



/ H2\ 

0.0329 H2L I 1 -4.935 ^r, ) from which the following table has been 

computed : 



Table XXXVI. — Total Energy of Deep^ea Waves in Terms of Horse-Power 
PER Foot of Brfjoxth. 



Ratio of 
length of 
waves to 

heiffht 
of wavet!. 



lyeiigth of waves in feet. 



25 



50 



75 



100 



I 



150 



200 



300 



400 



50 
45 
40 
S5 
30 
25 
20 
15 
10 



0.04 
0.05 
0.06 
08 
O.U 
0.16 
0.25 
0.42 
0.98 
3.30 



0.23 
0.29 
0.36 
0.47 
0.64 
0.90 
1.44 
2.83 
5.53 
18 68 



0.64 
0.79 
1.00 
1.30 
1.77 
2.49 
3.96 
6.97 
15.24 
51.48 



1.31 


3.62 


1.62 


4.47 


2.05 


5.65 


2.68 


7.37 


3.64 


10.02 


5.23 


14.40 


8.13 


21.79 


14.31 


39.43 


31.29 


86.22 


105.68 


291.20 



7.43 

9.18 

11.59 

15.14 

20.57 

29.56 

45.98 

80.94 

177.00 

597.78 



20.46 

25.30 

31.95 

41.72 

56.70 

80.85 

126.70 

223.06 

487.75 

1,647.31 



42.01 

51.94 

65.58 

85.63 

116.38 

167.22 

260.08 

457.89 

1,001.25 

3,381.60 



v^ 



r 
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The tabic just shown gives the total energy, including both kinetic 
and potential, inherent in a regular series of waves. The figures are 
strictly correct for the trochoidal deep-sea wave with circular orbits 
only, though they give a close approximation for any neariy r^ular 
series of waves in deep water, and a fair approximation for waves 
in shallow water. 

The practical utilization of wave-power depends upon the eflSciency 
of the spM'crial design and friction of transmission for its effective work. 
Concussive pressure of from 60() with moderate waves to 6,000 
pounds in great waves per square foot of surface have been obser%-ed. 

Dr. Scoresby gives the following interesting facts with regard 
to the length and height of ocean waves. The mean height of waves 
in the Atlantic, driven by a westerly gale, is 18 feet. The greatest 
recorded height of a wave in the North Atlantic, from the trough to 
the crest, is 43 feet. In northwest gales, waves 40 feet in height have 
been measured off the Cape of Good Hope, while thase off Cape Horn 
were 32 feet; Mediterranean, 14j feet; German Ocean, 13^ feet; Bay 




Fig. 300.— Bt'll-buoy 




Fig. 301.— Whistling-buoy. Fig. 302.— Fog-hom buoy. 



of Biscay, 36 feet. The velocity of ocean storm-waves in the North 
Atlantic is about 32 miles an hour, and that recorded by Captain 
Wilkes for the Pacific Ocean is 26 J miles. In an Atlantic storm the 
breadth of the waves, measured from crest to crest, is about 600 feet. 
One of the most useful effects of wave-power has been found in 
its adoption for operating signal buoys off the coast. 
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In Figs, 300, 30 U and 30^ are illuslraled the WU-buoy, whistling- 
buoy and the fog-lioni buoy. 

The bell-buoy lias a large bell mounted in a frame on a floating 
buoy. A radial grooved iron plate h made fast to the frame under 
the bell and close to it, on whieh is laid a free e^nnon-balh As the buoy 
rolls on the sea, this ball rolls on the plate ^ striking some side of the 
belh 

In this design a very small roll of the sea makes a constant ringing 
of tlie Ml 

In the whistling*bnoy a hanging tube below the float is open at the 
bottom. In tlie verticiil motion of the float and tube by the wave^» 




Jyij. 303. — Verticfll motioti wave-raolors. 



the water in the tube reacts as a piston, drawing in air at the top of 
the buoy and compressing it to blow the w^histle* 

The fog-hom buoy consists of a float anchored at the edge of banks 
with an air-pump operated by the w aves. The action of the sea is 
utilized in such a manner as to blow desired blasts tlxrough a fog-horn 
by means of the compression and releaiie of air into and from a suitable 
air-tight chamber forming a [xirtion of the buoy, this chamber being 
charged by means of a pump actuated by the movement of the sea. 
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Following we illustrate the many designs that have been proposed 
or used for obtaining power from the action of the waves. In Fig. 
303 is illustrated seven methods of applying devices for obtaining 
power from the vertical motion of waves which may be used for 
pumping or other work. 

In Fig. 304 the horizontal motion of waves acting against swinging 
blades pivoted al>ove the crest; a float with rope attachments and 
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Fig. S04. — Horizontal and rolling wave-motors. 

both vertical and horizontal motion; an anchored float with arms 
rocking by the rolling of the float over the wave-crest; and the ratchet 
drive of two boats hinged together as they roll over a crest and through 
the trough of the seas. 

A more complicated movement is shown in Fig. 305 in which the 
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Fig. 305.— Differential motion wave-motors. 

diflferential movement of the surface and bottom sections of a wave 
rock the propelling blade together with its fore-and-aft motion, rep- 
resenting a single double-acting transmission. 
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The storage of water in an elevated reservoir offers many advan- 
tages, and seems on the whole to be the best adapted for use in con- 
nection with a wave-motor. When this plan is adopted it becomes 
unnecessaiy to r^ulate the power at the motor, as the latter may 
simply drive a system of pumps for delivering the water into the 
reservoir, the pumps always working at a practically constant pres- 
sure, and the number of such pumps in action at any particular 
time being r^ulated by the magnitude of the waves, and the conse- 
quent amount of energy in the same. 

On the shores of the Great Lakes, the wave-motor would have its 
best work in a water-supply for towns and for fire service from storage 
reservoirs. On the sea-coasts, the fire service and the flushing of 
sewers and streets would be the most economical service from wave- 
motors. 



^ ~^^ ^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^M 

^^^^^^^H ^^^^^^^H 


■ Aeration of water, 136, 139, 142. 


^I^^^^^^^^^H 


I Accuraul liters, 39, 40. 


Breast wheel, 235. ^^^^^^^^B 


1 Air-fhambered siphon, i>tK 


Brockton water-works, 138. ^^^^ 


f Air compression, hydraulic, 18(K187* 


Buoyancy, 295. ^^^H 


Air-valve, 289. 


Buoys, 304. ^^H 


Acre feet and miner's inches, 207. 


^^H 


Air-lift, 1*59-171. 


Canals and ditches, 208-213, 284, ^^M 


Air-lift, €orabine<l, 17t. 


Canals, ditches, and pipe-lines, 284- ^| 


Air-lift, multistage. 171. 


^^M 


Air-hfl, horizontal run, 169, 


Capacity of pumps, 254. ^^^H 


Air-Ufl, starting, Ui7-1«9. 


Centre of pressure, 35. ^^^H 


Air-lift, two^tage, 17K 


Centnfugal pumps, €4:3-248. ^^H 


Air pressure and vacuum system, 173. 


Chain pumps, 24. ^^^H 


Aim worth air-compressor, 187. 


Chambered spring, 153. ^^^H 


Allis compound pumping-enginCf S67. 


Chain belt motor, 229. ^^^B 


Algae- in water-pipes, 1235-^37. 


City and town water-supply, 129^ ^^^H 


Ancient water implements, 19. 


^^H 


Andrew's pump* 245, 


Cistern iilter, 145. ^^H 


Aqueducts, «8-30. 


Coefficients of discharge, G4, 65, ^^^^| 


Artesian wells, 156-158, 188-199. 


Columbus, Neb., irrigation, 204* ^^^H 


Archimedes, 23. 


Compound pumps, 263-269. ^^^H 


Atmospheric friction, fire streams^ 71, 


Construction of Assouan dam, 291, ^^^H 


Atmospheric pressure, 34. 


Contracted vein, 66, ^^^H 


Assouan dam, 2S9, €91. 


Crib dam, 116. ^^H 


Auxiliary valv^, SOO. 


Cost of power with small motors, 234, ^M 




Consumption, water per capita, 131. ^| 


Backwater, 61. 


Current-metej*, 53, ^^^H 


Bear Ri%*er dam, 117. 


Current-wheel, 27, 223, ^^H 


Bear Valley dam, ItS. 


Curve of velocity, 53. ^^^^| 


Beam puraping-engine, i63* 


Curved form of jets, 09. ^^^^^ 


Blowing welb, 15G, 


^^H 


Boat waves, ^97, 


Dam, Be^r Hiver, 117. ^^^M 


Bored wells, 15?, 


Dam, Bear Valley, 123. ^^H 


L 


^^H 
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Dam, Fairmount, 116. 

Dam, Holyoke, 126. 

Dam, Hudson River, 126. 

Dam, overflow, 125. 

Dam, San Mateo, 124. 

Dam, Quaker bridge, 122, 123. 

Dam, trapezoidal, 120. 

Dam, Assouan, 288. 

Dams and reservoirs, 114-128. 

Dams, vibration of, 118. 

Dams of masomj and concrete, 119- 

128. 
Dean pump, 261. 
Deep wells, 20. 
Deepening a well, 147. 
Depression of ground water-level, 153. 
De Kalb air-lift, 163. 
Devices of wave-power, 305-307. 
Differential pressures, 38, 39. 
Discharge from canal locks, 62. 
Discharge from flooded weirs, 62. 
Discharge from submerged orifices, 

62. 
Ditches and canals, 208-213, 284. 
Disk pumps, 245, 246. 
Displacement system of raising water, 

174-179. 
Displacement of vessels, 295. 
Doble wheel, 232. 
Domestic filtration, 145, 146. 
Double supply water-ram, 106. 
Drainage wheel, 230. 
Driven wells, 150, 151. 
Drop weir, 213. 
Duplex water-lift, 175. 
Duty of boiler horse-power, 264. 
Duty per 1,000 pounds of steam, 264. 



Ejector, 112. 

Embankment, river and canal, 117. 
Embankment, clay puddle, 127. 
Escape of water in artesian beds, 196. 
Essential features of Artesian wells, 

188-199. 
Expansion joints, 131. 

Factors for long pipe flow, 87. 

Fairmount dam, 116. 

Filtering systems, 140-146. 

Filter regulation, 142-144. 

Fire streams, 71 • 

Fishways, 118, 119. 

Five thousand horse-power turbine, 

238. 
Float block, 52. 
Floods and stability of dams,^ 124, 

125. 
Flotation, 36, 37. 

Flumes and wooden pipes, 210, 286. 
Flow from nozles, 65. 
Flow from subsurface orifices, 64. 
Flow of water from miner's inch, 80, 

81. 
Flow of water in pipes, 82-93. 
Flow of water in streams and ditches, 

54. 
Fountain aeration, 139. 
Fountain, Heron's, 26. 
Four-stage pump, 240. 
Fourneron turbine, 235. 
Friction of water, 294. 
Friction of water in pipes, 82, 90, 

91. 
Frizell system of air compression, 

180. 



Economy of pumps, 259. 
Elgin, Utah, irrigation, 204. 
Efficiency of air-hft, 163. 



Gaskill pumping-engine, 265. 

Gauge, 44. 

Gauging streams, 51-54. 
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Geological conditions for Artesian 

wells, 18^193. 
German centrifugal pump, 245. 
Creyser spring, 153. 
Golding pump, 244. 
Grade level, 60. 
Gradient, 57. 
Great modern works, 289. 
Ground-water lines, 153, 154. 
Gwynne s pump, 244. 

Head gate, Carson River, 213. 
Head gate, Truckee River, 214. 
Head lost by bends and elbows, 85. 
Helical pump, 245. 
Heron, 24, 26. 
High-duty pump, 266. 
Holly pump, 251. 
Holyoke dam, 126. 
Horizontal run, air-lift, 169. 
Horse-power of nozles, 67, 74, 75. 
Horse-power of pumps, 257. 
Horse-power of stream, 61. 
Horse-power of water-wheels, 22, 

241. 
Horse-power of waves, 299. 
Hudson River dam, 126. 
Hydraulic air compression, 179-187. 
Hydraulic bender, 43. 
Hydraulic ejector, 112. 
Hydraulic engine, 107, 109, 111. 
Hydraulic gauge, 44. 
Hydraulic governor, 242. 
Hydraulic pile driving, 113. 
Hydraulic punch, jack, 42. 
Hydraulic radius, 56, 
Hydraulic ram, 102. 
Hydraulic slope, 57, 58. 
Hydrostatics, 22. 
Hydrostatic accumulator, 39. 
Hydrostatic press, 41. 



Impact water-wheels, 230-234. 
Inch, miner's, 80, 81. 
Invert siphon, 102. 
Irrigation, 17, 19, 21. 
Irrigation block system, 216. 
Irrigation current and tiu*bine wheels, 

204. 
Irrigation fiurow system, 217. 
Irrigation methods, 215-221. 
Irrigation of arid districts, 200-221. 
Irrigation ram, 107. 
Irrigation subservice system, 220. 
Irrigation terrace system, 219. 
Irrigation water required, 204-207. 
Irrigation windmills, 203. 

Jets and fire streams, 68, 71. 
Jets, horizontal and vertical, 72. 
Jets, power of, 230, 231. 
Jets, projected, 68, 69, 230. 
Joints of large pipe, 288. 
Jonval turbine, 236. 

Knowles pump, 260. 261. 

Lake Moeris, 289. 
I^ffel wheel, 232, 236. 
Lift of siphons, 98. 
Location of Artesian wells, 195. 
Location of open wells, 155. 
Log and timber dams, 115, 116. 
Loss of head by bends and elbows, 
85. 

Magog air-compressor, 182. 
Marine hydraulics, 293-298. 
Measurement and flow of streams, 

50-54. 
Merrill pneumatic pump, 178. 
Metacentre, 37. 
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Meter, Thompson, 94, 133. 
Meter, union, 133. 
Meter, Venturi, 93. 
Metering water-supply, 131. 
Methods of irrigation, 213-221. 
Miner's inch, 80, 81. 
Mining ditches, 286. 
Moorish pump, 25. 
Munson turbine, 236. 

Nantes filter, 140. 

Nantucket filter, 141. 

Niagara Falls Power G)., 237. 

Nile, 21. 

Nile barrage, 290. 

Noria, 23. 

Nozle of best form, 72. 

Nozles, horse-power of, 67. 

Origin of a spring, 152. 
Overflow dam, 125. 

Overshot wheel, 227. 

• 

Pearsall's hydraulic engine, 109. 

Pelton wheel, 231. 

Perimeter, wet, 54, 55, 

Persian wheel, 23. 

Pile driving, hydraulic, 113. 

Pipe bender, 45. 

Pipe joints, 288. 

Pipe-line, Cherokee, Cal., 287. 

Pipe systems of air-lift, 161. 

Pipes, flow of water in, 82-93, 288. 

Pohle system of air-lift, 159-171. 

Point Pleasant water-works, 165. 

Poncelot wheel 225. 

Popenheim pump, 251. 

Potential energy, 34. 

Power from nozles, 74, 75. 

Power of a jet, 230. 



Power of pumps, 225. 

Presses, 43, 47. 

Pressure center and direction, 35. 

Pressure of fire streams, 71, 73. 

Prevention of algae in water-pipes, 

134-137. 
Properties of water, 31-49. 
Pulsometer pump, 262. 
Pump-charging siphons, 97. 
Pumping tests, 266, 269. 
Pump-lift, 248. 
Pumps and pumping machinery, 243- 

252. 
Pumps, hydraulic, 46, 47. 
Punch, hydraulic, 43. 

Quakerbridge dam, 122, 123. 

Radius, hydraulic, 56. 
Railway water-scoop, 113. 
Ram, hydraulic, 102. 
Ram, irrigation, 107. 
Ram, siphon, 102. 
Reciprocating pumps, 253-269. 
Register, Venturi, 93. 
Regulator, water-pressure, 95. 
Regulators, filter, 142-144. 
Reenforcement of wells, 148, 149. 
Repsold pump, 251. 
Reservoirs, 59. 
Resistance of pumps, 256. 
Reversible filter, 145. 
Rife hydraulic ram, 106. 
River motors, 229. 
Rockville air-lift, 164. 
Roman water- works, 20. 
Rotary pumps, 250-252. 

Sagebein wheel, 226. 
Sand ejector, 112. 



^ INDEX 31$ V 


^H Sanitary conditions, 154. 


Table VI.— Horizontal and verlieal 


H San MaiGQ dam. VU, 


distance of jets, 72. 


■ SawmiU wheel, €^8. 


Table YIL— Extreme height of jets, 


H Scouring action of water; 6€, 


73. 


■ Screw-lift, 2S. 


Table \1II.— Heads, velocities, pow- 


^1 Screw-pump« 951* 


er of nozies, 74, 75. 


^H Service-pipe hammer^ 11 3-1*? .5, 


Table IX. — Weirs, one foot wide. 


H Settling basins, 139. 


78, 


H Sewers, J8. 


Table X.^Weirs, one inch wide, 7S>. 


H Slent ram, 104. 


Table XI.— Friction factors for ve- 


H Siphon nnd water-ram, 98-111. 


locity. 83, 


" Siphon ram, 105* 


Table XII. —Loss of head by bends 


Skin friction, vessels, i94. 


and elbows, 85. 


Slonglis, 155. 


Table XII L— Tabular factors for 


Small power- wheels, ^S'i. 


pipe flaw, 87. 


Sources of water-supply, 137, 


Table XIV.— Velocity, losa of head 


Springs, 1j^, 15S. 


and discharge, 80, 01. 


SlabiUtj of vessek. 97, 


Table XV. — Friction loss in jiounds 


Stand-pipes, 130. 


pressure, 90, 


St. Louis pump, 969, 


Table X\a.— Friction loss, large 


Stream lines of vessels, 995. 


pipes, t^l. 


Stream profile of weir, 77, 


Table XAII. — Friction loss, large 


* Streams, measure of, 50* 


pipes, 91. 


Strength of large pi|>e, 288. 


Table X\1II.— Flow in pijjes due to 


Storage of water, 59. 


slope, 92. 


Submerged discharge.. 69. 


Table XIX,— Water delivered by 


Submerged pump, 247, 


ram, 108. 


Suction-pip<? siphons^, 101. 


Table XX. — Force of ram in pipes. 


^ft Supply of water, cities^ 139. 


134. 


H Swape, 90, 


Table XXI. — Force of ram in pipe3» 


■ Swiss turbines, ^SB, 258, 


154, 




Table XXIL — ^Forcc of ram in pipes. 


k 


135. 


H Table I.— Density and weight, 31. 


Table XX III.— Cubic feet, free air 


H Table II,— Pressure tests, 48, 


for water-lift, 170. 


r Table 1 1 L — C/oefficients of grade and 


Table XXIV,— Cubic feel, free air 


roughness, 50. 


for wateT-lift, 170. 


Table IV, — Horse-powers and vol- 


Table XXV.— Wind and its work. 


umes of nozles, 67. 


pumping. 203. 


Table V.— Pressure and friction, fire- 


Tabic XXVI.— Trapezoidal ditches. 


streams, 71. 


211. 
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Table XXVII.— Water motor power, 

«33. 
Table XXVUI.— Centrifugal pumps, 

247. 
Table XXIX. — Centrifugal pumps, 

248. 
Table XXX. — Suction lift of pumps, 

249. 
Table XXXI.— Duty of steam in 

boiler horse-power, 264. 
Table XXXII.— Noted canals and 

ditches, 285. 
Table XXXIU.- Mining ditches, 

California, 286. 
Table XXXIV.— Coefficient of skin 

friction, 294. 
Table XXXV.— Wave velocities. 

296. 
Table XXXVI.— Energy of waves, 

203. 
Tanks, 130. 
Taylor system of air compression, 

181-187. 
Tests, pumping, 266, 299. 
Tidal and wave power, 299-307. 
Trapezoidal dam, 120. 
Trapezoidal form of ditches, 55. 
Triple expansion pumping-engines, 

268. 
Tromi)e, 179. 

Turbine water-wheels, 235-242. 
Turbines, 5,000 horse-power, 238. 
Turbines, 10,500 horse-power, 241. 
Two-stage water-lift, 177. 
Tympanum, 23. 
Types of reciprocating pumps, 258. 



Underground water-flow, 155. 
Undershot wheel 223. 
Union meter, 133. 



United States reclamation service, 

213. 
Upward flow filter, 145. 
U-shaped flumes, 212. 
Utica water- works, 139. 



Vacuum system of water-supply, 151, 

173. 
Velocity factors, 83. 
Velocity flow in pipes, 88. 
Velocity from nozles, 74, 75. 
Velocity register, 53. 
Venturi meter, 93. 
Vetruvius. 23. 
Vibration of dams, 118. 
Volume from air-lift, 168. 
Volume of discharge, 88, 89, 168. 
Volute turbine, 236, 241. 



Warren turbine, 235. 

Water, air-lift method, 159-171. 

Water delivered by rams, 108. 

Water flow in pipes, 82-93. 

Water-hammer, 133. 

Water-level, 60. 

Water per capita, 131, 132. • 

Water-power, 222-242. 

Water properties, 31. 

Water-ram, 102-111. 

Water resistance, vessels, 293. 

Water-scoop, 113. 

Water-supply, 18, 27, 30. 

Water-supply sources, 137. 

Water-table, underground, 154. 

Water-ways, 153. 

Water- works. Point Pleasant, 165. 

Wave-power, 300-307. 

Wave velocities, 296. , 

Waves from boat motion, 297. 
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Weir flow, 7ft-79. 

Weir tables, 78, 79. 

Well at East Rockaway, 148. 

Well in Prospect Park, 149. 

Wells and their reenforcement, 147. 

Wells, Artesian, 156-158, 188, 199. 

Wells, bored, 152. 



Wells, driven, 150, 151. 
Wenzel pump, 244. 
Wet perimeter, 54. 
Windmills for irrigation, 203. 
Wing piston pumps, 250. 
Wooden pipes, 211. 
Worthington pump, 246, 266. 
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THE PEERLESS DUPLEX HOSE is designed 
to meet the requirements of certain modern engi- 
neering operations requiring the use of powerful 
hydraulic jacks. It is also used for charging air tanks 
in submarine boats. 

It has been successfully tested up to 10,000 lbs, 
pressure to the square inch. 

In construction of the North and East River tunnels 
at New York, it was used exclusively in preference to 
copper pipe, the working pressure being 5,000 to 7,000 lbs. 

Special couplings are required for this hose* 
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The Norman W. Henley Publishing Co. 

t32 Nash^u Stroel. Now York* V. 5. A. 

f^* Any oi these boolcs will be ^ent prepaid un receipt of price iQ any address in th« 
world 

By*We win send FREE to any addii^s in the world our cQmplet^ Catalogue of Scientific 
and Practical Boolcs. 

Appleton*s Cyclopsedla of Applied Mechanics 

This is a didtiooafy of mechanical etigineeririig; and the mechanical arts, fully de*!crib« 
ing and dluatratiiVK upwardis o^ ten thousand subjects, including aj^ricultural machinery, 
woodt metaL stone, and leather working : mining, hydraulic^ railway, marine, and military 
eogLoeering: working in cotton, wool, and paper; steam, air. and gaa cnginss* and other 
motots; lighting, heatinff. and ventilation; electrical, telegraphic, optical^ honcilogical, cal- 
culating, and other insimmenta ; etc, 

A magnificent set in three I'olumes, handsomely bound in half morocco, eacti volume 
containing over 900 lat^e octavo page<^, with nearly 8,<soo enRniving&, including diagram- 
tnatic and sectional drawings, witn full explanatory details. Price I j 3.0a. 

ASKtNSOK. Perfumer and Their Preparation. A Compreb ensile 

Treatise on Perfumery 

Containing complete difcction^ for maklns handkerchief pfffumes, smellttig saltt, 
uchet<i, furn^ating pastils; preparations for the care of the skin* the mouth, the hair; 
cosmetics, half dyes, and other toilet articlea. 300 pages. j3 illustrations. Svo, Cloth, 

BARR. Catechism on the Combuation of Coal and the Prevention of 

Smoke 

A practical treatise for all interested in fuel economy and the suppresaion of smoke 
from stationary ateani-boiler furnaces and from locomotives, 8 s Uluatrations. umo- 
1419 paeeS' Cloth. 11,50. ' 

BARROWS. Practical Pattern Making 

Thia ia the best treatise on pattern making that has appeared There is a gcftefal 
introduction on pattern making as an art, followed by a section on tnaterial and tooU. tak* 
ing up subjects like lumber, vajnish^ hand toolsi band saws, circular saws, etc. Then 
follows a section devoted to examples of wood patterns of different types,^ and one upon 
metal patteins. There is then a section upon pattem-shop mathematics and one upon 
cotst^ care^i and ln\'«ntion^ It is indispensable to every pattemtnaker. Cloth, Si.oa. 

BAUER. Marine Enpnes and Boilers : Their Design and Conaiructioa 

A lame practical work of 712 pages* 55© illustrations, and 17 folding plates for the 
use of students, engineers, and naval constructors* 

Clearly written, thoroughly sysiicmatic. theoretically sounds while the character of 
its plans, drawings, tables, and statistics is without reproach. The illustrations are caiv* 
ful reproductions from actual working drawings, with some well -executed photographic 
vwws of completed enginca and boilers. I9.00 net. 

BENJAMIN. Modem Mechanism 

A. large octavo volume ol g $9 pages and containing o^-er 1,000 iUtistrations dealing 
KJlely vifith the principal and most usefwl advances of the past few years. Issued under a 
title which exactly describeti its cr>n tents — '^MoD£k^^ MECHAJfJSM." The most eminent 
experts have contributed to this volume, and the benefits to be derived from the result of 
their researches and scietitific accomplishments are of incalculable ^'aluc to the man seek* 
ing the highest and most advanced practice in Applied Mechanics^ Bound m half moroc- 
co. I^i.oo. 

BLACK ALL, Air-Brake Catecbism 

This book is a complete .^tudy of the air-brake eanipment, includiog the latest devices 
and inventions used. All parts of the air brake, their troubles and pecuHaritiea, and a 
practical way to find and remedy them, are explained. This book contains over 1.500 
guesfaoiK with their answers, and is completfty illustrated by tngravifigs and two large 
westm^house air-brake educational charts, printed in colors, jia pages. Handsomely 
Kmnd m cloth, joth edition, revised and eidarsed, 1 3*00. 
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BLACKALL. New York Air-Brake Catechism 

This is a complete treatise on the New York Air-Brake and Air-Signalling Appctfatus 
fliving a detailed description of all the parts, their operation, troubles, and the metAods of 
locatmg and remedying the same. It mcludes and fuUy describes and illustrates the plain 
triple valve, quick-action triple valve, duplex piunps. pump governor, brake valves, re- 
taining valves, freight equipment, signal valve, signal reducing valve, and car dischaise 
valve, aoo pages, fully illustrated. $x.oo. 

BOOTH AND KERSHAW. Smoke Prevention and Fuel Economy 

As the title indicates, this book of 197 pages and 75 illustrations deals with the problem 
of complete combustion, which it treats from the chemical and mechanical standpoints, 
besides pointing out the economical and humanitarian aspects of the question. $9.50. 

BOOTH. Steam Pipes: Their Design and Construction 

A treatise on the principles of steam conveyance and means and materials employed in 
practice, to secmv economy, efficiency, and safety. A book of 187 pages which snoold be 
m the possession of every engineer and contractor. $a.oo. 

BUCHETTI. Engine Tests and Boiler Efficiencies 

This work fuUy describes and illustrates the method of testing the power of steam 
engines, turbine and explosive motors. The properties of steam and the evaporative 
power of fuels. Combustion of fuel and chimney draft; with formulas explained or practi- 
cally computed, ass pAges; 179 illustrations. $3.00. 

BYRON. Physics and Chemistry of Mining 

For the use of all preparing for examinations in Mining or qualifying for Colliery 
Managers' Certificates. $a.oo. 

COCKIN. Practical Coal Mining 

An important work, containing 428 pages and 2x3 illustrations, complete with practi- 
cal details, which will intuitively impart to the reader, not only a general knowledge of 
the principles of coal mining, but also considerable insight into allied subjects, including 
chemistry, mechanics, steam and steam engines, and electricity. In eludaating the vari- 
ous divisions incorporated in this excellent work, the author has started at the task from 
the very inception, and has ignored all obsolete methods. ex5:epting where they illustrate 
fixed principles or are in touch with the march of modem improvements. Tlie treatise 
is positively up to date in every instance, and should be in the hands of every colliery 
engineer, geologist, mine operator, superintendent, foreman, and all others who are inter- 
ested in or connected with the industry. $2.50. 

FOWLER. Locomotive Breakdowns and Their Remedies 

This work treats in full all kinds of accidents that are likely to happen to locomotive 
engines while on the road. The various parts of the locomotives are discussed, and every 
accident that can possibly happen, with the remedy to be applied, is given. The various 
types of compotmd locomotives are includ«i. so that every en^eer may post him s elf in 
regard to emergency work in connection with this class ot engine. 

For the rauroad man. who is anxious to know what to do and how to do it under all 
the various cinnimstances that may arise in the performance of his duties.' this book will 
be an invaluable assistant and guide, a 50 pages. fuUy illustrated. $1.50. 

FOWLER. Boiler Room Chart 

An educational chart showing in isometric perspective the mechanisms belonging in 
a modem boiler-room. The equipment consists of water- tube boilers, ordinary grates 
and mechanical stokers, feed-water heaters and pumps. The various parts of the appli- 
ances arc shown broken or removed, so that the intonal construction is fully illustrated. 
Each part is given a reference number, and these, with the corresponding name, are given 
in a glossary printed at the sides. The chart, therefore, serves as a dictionary of the boiler- 
room, the names of more than two hundred parts being given on the list, as cents. 

GRIMSHAW. Saw Filing and Management of Saws 

A practical handbook on filing, gumming, swaging, hammering, and the brazing rf 
band saws, the speed, work, and power to run circular saws, etc., etc. Fully illustrated. 
Cloth. $1.00. 

GRIMSHAW. "Shop Kinks" 

This book is entirely different from any other on machine-shop practice. J^uL?^ 
descriptive of universal or common shop usage, but shows special ways of doing woric potter, 
more cheaply, and more rapidly than usual, as done in fifty or more leading sho^ "^^^J! 
rope and America. Some of its over 500 items and 22a illustrations are contributed qi- 
rectlv for its pages by eminent constructors; the rest has been gathered by the author m 
his thirty years' travel and experience. Fourth edition. Nearly 400 pages. Cloth, 92.50. 

GRIMSHAW. Engine Runner's Catechism 

Tells how to erect, adjust, and run the principal steam engines in the United States. 
Describes the principal features of various special and well-known makes of engines. Sixth 
edition. 336 pages. Fully illustrated. Cloth, $a.oo. 
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GRIMSHAW. Steam Engine Catechism 

A WTies of direct practicaJ answers to direct practical questions, mainly intended for 
youns enRin^ers an^i (or examinalkm ^^lICfttion.S- Nearly 1,000 questions with their au- 
■wers. Fourteenth edition. 41 j po^es. Fully illustrated. Clothe Sj.oo. 

QRIMSHAW. Locomotive C«tecbi«tn 

This is a veritable cncyclapBcdi^ of the locomotive , Is eDtirely irte from mathematics* 
und thoroughly up to date. It cuntaini i.tioo qu^tions with their ajiswera 



fourth edition ^ Kreatly enlarged ► 
folding plates. CiDth. 1 3. 00. 



Twenty- 
Nearlv 4 so pages* over a 00 illu^tmtidns, and 13 large 



HARRISON. Electrie Wirin|[, Diagrams and Swilchboarda 

A thoTDUgh treatise covering the subject in all its branches. Practical everv-day 
problems m wirinK arc presented and the method of obtaining intelligent results dearly 
ihown. 170 pages, 10 s lUustrations. Si, 50. 

Henley's Twentieth Cetilury Book of Receipts, Formulas and Processes 

Edited by G. D. Hiscox. A complete work giving ten thousand formulas which will 
be of value to the housewife, the painter, the carpenter, the metal worker, the farmer, the 
soap and caudle maker, the photographef. the jeweller, the watchmaker, the electroplater, 
the electroiyper, the tanner, the mechanic, the engineer, and the manufacturer. 900 
pages. Si. 00. 

Henley's Encyclopedia of Pfactical Engineering and Allied Trades 

Edited by Joseph G Horner. The scope of this work is indicated by its title, as 
bmng both practic:al and encydop^dtc in character. All the great section* of engineering 
practice and enterprise receive sound and concise treatment. 

Complete in five volumes. Each volume contains soo pagc3 and 500 iJlustrationji. 
Bound in half morocco. Price, $6.00 per volume, or IjJhOO for the complete set of five 
volumes. 

HISCOX. Gas, Gasoline, and Oil Engines 

Every user of a gas engine needs this book. Simple, instructive, and right Up to date. 
The ooiy complete work on this important subject. Tells ali about the running and man- 
■ffenaent of gas engines, Full of Reneral information abo^t the new and popular motive 
power, its economy and ease of management. Also chapters on hot^eless vehicles, electric 
lightiiLg, marintt propulsion, etc. 450 pa^cs lUustrate^ with ;isi engravings. Fifteenth 
edition I revised, enlarKefi, and reset. %^-iO 

HISCOX. Compressed Air in All Its Applications 

This is the most complete l»ok on the subject of Air that has e^'^er been issued, and iti. 
tMrty-five chapters include about every phase of the subject one can think of. Beginning 
with a history of the progress that has been made in this 1 ne,it takes u^i the properties of 
air, sivea tabl^ of its volume and weight, both dry and saturated, as well m numerciUA 
other eonditiocis. Step by step the reader finds how it is used, the various methods of 
compression and apTiaratus employed ^ its use in transmitting power, air motors and their 
efficiency,, and a host of other information in this connection. Pneumatic tools and their 
uses receix'e ample attention^ a.s do the sand-blast, pneumatic tube transmission, and other 
ajpplicatJon». such as raising water, ice machines and liquid air, while the air brake and air 
•ignal also come in for their share. Taken as a whole it may be called an encyclopiedia of 
comprressed air. It is written by an expert, who. in its Sj^ pages, has dealt with the sub- 
ject in a compfebensive manner, no phase of it beitlg omitted. 54 5 illustrations, 8jq 
pages. Price, Is 00, 

HISCOX. Horseless Vehicles, Automobiles and Motor Cycles, Operated 
by Steam, Hydro^ Carbon, Electric, and Pneumatic Motors 

A practical treatise of 459 pagesand ^itiillustr^tionsforAutomobilists. Manufacturers, 
CapitaliEts, Investors^ Promotcr^i and every one interested in the deveiupment, CAje. and 
use of the Automobile, 

Nineteen chapters. Large Svo. jt& illustratiocisi. 460 pagea. Cloth, ti.<iO. 

HISCOX, Mechanical Movements^ Powersi and Devfces 

This work of jjoo page^ contains r.Soo specially made illustrations with dtecriptive 
text. It is a Dictionary of Mechanical Movement*. Powers, Devices, and Appliances, 
embracing an illustrated description of the greatest variety of Mechanical Movements and 
Devices in any lanpiage. A new work on illustrated Mechanics, Mechanical Movements 
and Devices, covennfj: nearly the whole range of the practical and invenli've field for the 
use of Machinists, Mechanic?;. Invetitofi,Engineers,Drauj;htsmen. Students, and all others 
Ifiterested in any way in the devising and operation of mechanical works of any kind. tji,OQ. 
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HISCOX, Mechanical Appliances, Mechanical Movements and Novelties 

of Construction 

The many edkiotis tbrouph which the first iroliinie of "Mechaitical Wo-wenioits'* has 
passed are more than a suffiLietit enoour&gement to warrant the publicatioa of a second 
vol lime of Aoo paj^es. containing i^ooo larger and BpcciaUy-madc iUu&tmtionSf which are 
more special in soopE than those in the firat volume, inasmuch as they deal with the pecul- 
iar mc^^uiremcnta of the various arts ajid manufactujres, and more detailed m their eat* 
flanations, became uf the greater compLejtity of the machifLery iUustrated and deA;^b<ed. 

HISCOX. Modem Steam Engmeerin^ In Theory and Practice 

Thia book has been speciaJily prepared for the use of the modem steam engineer, the 
technical students, and all who desire the latest and moat reliable infurmation oii steam 
ami steam boilers, the maehtnery uf power, the Bteam turbine, electric power and ligiiUilg: 
plaQta. etc. 450 octavo paEeB^ 400 detailed engra\4ngs. tj.Do. 

HORNER. Modem Milling Machines : Their Design, CoaBtruction and 

Operation 

Tbis work of j.04 i^a^es is fuUy illustrated and descnbes and illi>»tmtes the mili*^g 
Uachine from its early conception to the present time- t-l 00. 

HORNER. Praelical Metal Turning 



A work covering the modem practice of machining metal parts in the lathe, 
illtts tra ted. t J - 5 0+ 
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HORNER. Tools for Machinists wid Wood Workers, Zncluding Instrti^ 

menis of Measurment 

A practical work of 340 pages fully lUustiated, gi\'ing a ffcuiefai descdptlod amd ctaaBt* 
5cation ol toob for machinists and woodworkers. 13*50* 

Inventor's Manual; How to Make a Patent Pay 

This is a book designed as a guide to inventors in perfecting their inventions, takings 
out their patents and disposing of them. tt9 pages. Cloth, Si. 00. 

KRAUSS. Linear Perspective Self-Taught 

The underlying principle by which objects may be eorrectly represented in perspec- 
tive is clearly set forth in this book ; everything relating t^o the subject is shown in suitablt 
diagrams, accompanied by full explanations in the text. Price Sa.so, 

LE VAN* Safety Valves; Their History, Invention, and Calculation 

Illustrated by- 69 engravings. 15 j pagies* ttsi^^ 

LEWES AND BRAME. Laboratory Note Book 

A practical treatise prepared for the Chemical Student. 170 podges, Cloth» ir,f3*n* 

MATHOT. Modem Gas Engines and Producer Gat Plants " 

A practical treatise of 3,9a pages, fully illustfated by 05 detailed iUustTationit, setting 
forth the principles of gas engines and producer design, the selection and instaUatiom dl 
an en^ne. conditions of penect opera lion* prodncer-gaa engines and their possabiliHea, 
the care of gas engines and producer-gas plants* with a chapter oa volatile bydrocarbon 
and oil engines. I^.so. 

MEINHARDT* Practical Lettering and Spacing 

Shows a mpid and accurate method of becoming a good letterer with a little practica. 
Oblong. Paper cover. Oo cen^. 

PARS ELL & WEED, Gas Engine ConBtmctioii 

A practical treatise desf ribin^^ the theory and prind pies of the action of gas engines 
of various types, and the design and construction of a hali-horse-power gas engine, with 
illustrations of the work in actual progress, together with dimensioned working drawinfi* 
giving clearly the siies of the various details. Third edition, revised and enlarged. Twen- 
ty-five chapters. Larse 8vo. liandsomely illustrated and bound. 300 pages. Ia.50. 

PERRIGO^ Modem Machine Shop Construction^ Equipment and Man-* 

agemem 

The only work published that describes the Modern Machine Shop or Manulacturinii 
Plant from the time the grass is growing on the site intended for it until the finished prod- 
uct is shii)p«d. By a eat^ful study of its chapters the practical man may economically 
build, efficiently equip ^ and successfully manage the modem machine shop or manulact- 
tiring estabhshmmt. Just the book needed by those contemplating the «ection of 
modem shop build logs. the rebuilding and reorganization of old ones, or the introductjon 
of Modem Shop Metliod*. Time and Cost Systems. It is a book wdtten and illustrmied 
by a practical shop man for pmctical shop men who are too busy to read theories and want 
facts. It is the most complete all-around book of its kind ever published. 4co larx* 
quarto pages, ^35 original and specially- made lUustfatlons. ts-oo. 
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P ERR I GO* Modern Amertean Lathe Fractke 

A new book de&cKbiag^ and ilLu^tratm^ the very l&test practice io l&thjfi and htxmg 
mill openitionfi* as well as the construction of and latent developments in the Tuamifact' 
uie o£ these importaiii classes of machme toob. 300 p»«^, fully' illustrated, t^-sa. 

REAGAN, JR. Electrscal EnginecTt' And Studenti' Chart and Hand- 
Boo k or the Brush Arc Light System 

Illustrated. Bound in cloth, with celluloid chart in pocket. 50 cents, ^ 

8AUNIER. Wfttchmaker't Hand-Book ■ 

Just ii^sued, 7th edition. Contains 498 p^es and is a workshop companion for thOf» ' 
tngaged in watcihm^Udn^ and allied mechanical arts. 950 engrm^-in^s tynd 14 platn. tj.oo- 

8LOAHE. Electricity Simplified 

The object of ** Electricity Simplified" 15 ti> make the subject as plain as possible and 
to ihow what the modem conception of electricity is. 158 pages. lllusir»ted- Twelfth 
edition, li.oo. 

8LOANE, How to Become a Successful Electrician 

It is the ambition of thousand!^ of young and old to become cltctrical eneineefs. Ni 
everyone is pncjiared to Spend several tlioui<And doUars upon a. c<>lleRe course, even if the 
three of lour years requisite arc at their disposal. It Is possible to become an electrical 
engineer without this sacrifice ^ and this work is desiftned to tell 'How to Become a Sue* 
ces$ful Electrician " without the outlay usually spent in acqmrijig the professiom Twelfta 
edition. 189 pages. Illustrated. Cloth < f i.oq. 

SLOANS. Arithmetic of Electricity 

A practical treatise on electrical calculations of all kind^p reduced to a series of eultt, 
an of the simpl«t fofms, and involving only ordinary arithmetic; each rule iUuatrated by 
one or more pncti^ problems » with detailed solution of each one* Nineteenth edition. 
lUustrated. 1 38 paflw, C loth , 1 1 , 00. 

SLGANE. Electrician's Hmndy Book 

An up-to-date work covering the subject of practical electricity in all itft branches* 
banp; intended for the every -day workiog electrician. The latest and best authority or» 
all branches of appUed electricity, Pocketbook Riie^ Handsomely bound in leather, 
with title and edges m gold. Soo pages. 500 Illustrations. Price, S3, so* 

SLOAN E* Electric Toy Making, Dynamo Building^ ^nti Electric Motor 
CoostructJon 

This work treats of the making at home of electrical toys^ electriahtappars^tuSiniototi' 
dytiamos. and instruments in general, and is desiened to brin^ within the reach o! young 
and old the manufacture of genuine and useftd electrical appliances. Eighteenth edition. 
Fully Illustrated. 140 pages. Cloth, $1.00 

SLGANE. Rubber Hand Stamps and the Manipulation of India Rubber 

A practical treatise on the manufacture of all kintls of nibber articles. 146 pages. 
Secotid edition. Qath. ti.oo. 

SLOAKE, Liquid Air and the Liquefaction of Gasea 

Containing the luU theory of the subject and gi^'ing the entire history of lictuefaction 
of gase^ from the earliest times to the ^qr^senL It shows how Uq,uid Bir, like water, is 
carried hundreds of miles and is handled in open buckets. It tells what may be expected 
from it in the near future. ^65 pages, with many iUtistrations. Handsomely bound in 
buckram. Second edition. 1 2. 00. J 

SLOANE* Standard Electrical Dictionary ' 

A practical handbook of reference, containing deGnitions of about 5 rooo distinct words, 
terms t and phmAes. An entirely new edition, brought Up to date and greatly enlarged- 
Oomplete, concise, convenient. 68 3 ptiges. 19 j. illustrations, Handsofijely bound in 
floth. Bvo. fjj.oo, J 

8TARBUCK* Modern Plumbing Illustrated ^ 

A compreheni!si\*e and up-to-date work iMustnitinB and describing the Drainage and 
Ventilation of dwellings ► apartments, and public buildLings, etc. Tliie vcrj'^ latest and mo&t 
approved methods in all branches of $anitary installation are given. Adopted by the 
United States Government in its sanitary work in Cuba. Porto Rico, and the Philippines, 
and by the principal boards of health of the United States and Canada. The standard 
book tor master plumbers, arehitects* builders, plumbing inspectors, boards of health, 
boards of plumbing e?caminers, and for the property owner, as well as for the workman 
and his apprentice, jeo pages. 50 full-page illustrations^ $4.00. 

USHER. The Modem Machinist 

A. practical treatiM embracing the most appro^ied methods of modem machtne^op 
practice, and the applications of recent improved appliances, tools, sjid devices for facik* 
taring, duplicating^, and eixpedirin^ the coostruction of machines and their part3» A new 
txjok from corner to cover. Fifth edition. 157 eogravings. 3^3 pages. Cloth* fi.so* 




Publications of The Norman W, Henley Publishing Co, 

VAN DBRVOORT. Modem Machlae Shop Tools ; Their Construction, 

Operation, and Manipulation, Including Both Hand and Machine Tools 

An entirely new and fully illtxstrated work of 555 pages and 673 illtistrations. describ- 
ing in every detail the construction, operation, and mampulation of both Hand and Machine 
Tools; being a work of practical instruction in all classes of machine-shop practice. In- 
cluding chapters on filing, fitting, and scraping surfaces; on drills, reamers, taps, and dies; 
the laUie and its tools; planers, shapers, and their tools; milling machines and cutters: 
gear cutters and gear cutting; drilling machines and driU work; grinding machines and 
their work; hardening and tempering; gearing, belting, and transmission machinery; useful 
data and tables. Fourth edition. $4.00. 

WALLIS - TAYLOR. Pocket Book of Refrigeration and Ice Making 

This is one of the latest and most comprehensive reference books published on the sub- 
ject of refrigeration and cold storage. It explains the properties and refrigerating effect 
of the different fluids in use, the management of refrigeratixig machinery and the construc- 
tion and insulation of cold rooms, with their required pipe siuface for different degrees of 
cold; freezing mixtures and non-freezing brines, temperatures of cold rooms for aSl kinds 
of provisions; cold-storage charges for all classes of fi[oods. ice-making and storage of ice, 
data and memoranda for constant reference by refrigerating engineers, with nearl^r one 
himdred tables containing valuable references to every fact and condition required m the 
instalment and operation of a refrigerating plant. $1.50. 

WOOD. Walschaert Locomotive Valve Gear 

The only work issued treating of this subject of valve motion. 250 pages, illustrated. 
Cloth $1.50. 

WOODWORTH. American Tool Making and Interchangeable Manu- 
facturing 

A practical treatise of 560 pages, containing 600 illustrations on the designing, con- 
structing, use, and installation of tools, jigs, fixtxxres, devices, special appliances, sheet-metal 
working processes, automatic mechanisms, and labor-saving contrivances: together with 
their use in the lathe, milling machine, turret lathe, screw machine, boring mill, power 
press, drill, subpress, drop hammer, etc., for the working of metals, the production of in- 
terchangeable machine parts, and the manufacture of repetition articles of metal. $4.00 

WOODWORTH. Dies, Their Construction and Use for the Modem 

Working of Sheet' Metals 

A complete treatise of 384 pages and 505 illustrations upon the desi^ng, constructing, 
and use of tools, fixtures, and devices, together with the manner in which they should be 
used in the power press, for the cheap and rapid production of the great variety of sheet- 
metal articles now m use. It is designed as a guide to theproduction of sheet-metal parts 
at the minimum of cost with the maximum of output. The hardening and tempering of 
Press tools and the classes of work which may be produced to the best advantage by the 
use of dies in the Power press are fully treated. 

The engravings show dies, press fixtures, and sheet-metal working devices, from the 
simplest to the most intricate, and the descriptions are so clear and practical that all metal- 
working mechanics will be able to understand how to design, construct and use them. $5.00. 

WOODWORTH. Hardening, Tempering, Annealing, and Forging of 

Steel 

A new book containing special directions for the successful hardening and tempering 
of all steel tools. Milling cutters, taps, thread dies, reamers, both solid and shell, hollow 
miUs, punches and dies, and all kinds of sheet-metal working tools, shear blades, saws, 
fine cutlery and metal-cutting tools of all descriptions, as well as for all implements of steel, 
both large and small, the simplest and most satisfactory hardening and tempering processes 
are presented. The uses to which the leading brands of steel may be adapted are con- 
cisely presented, and their treatment for working under different conditions explained, 
as are also the special methods for the hardening and tempering of special brands. 320 
pages. 350 illustrations. $2.50. 

WOODWORTH. Punches, Dies and Tools for Manufacturing in Presses 

A work of 500 pages, and illustrr.tcd by nearly 700 en^vings. being an encyclopaedia 
of die-making, punch-making, die-sinking, sheet-metal working, and making of special tools, 
subpresses. devices and mechanical combinations for punching, cutting, bending, forming, 
piercing, drawing, compressing, and assembling &heet-metal parts and also articles of other 
materials in machine tools. $4.00. 

WRIGHT. Electric Furnaces and Their Industrial Application 

This is a book which will prove of interest to many classes of people ; the manufacturer 
who desires to know what product can be manufactured successfully in the electric furnace, 
the chemist who wishes to post himself on electro-chemistry, and the student of science 
who merely looks into the subject from curiosity. The book is not so scientific as to be of 
use only to the technologist, nor so unscientific as to suit only the tyro yci electro-chemistrir ; 
it is a practical treatise of what has been done, and of what is being done, both experi- 
mentally and commercially, with the electric furnace. 288 pages. S3.00. 
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